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Status of Mineral Resource Information For The Fort Peck Indian Reservation, Northeastern Montana
M. R. Mudge, Michael Sokaski, D. D. Rice, and George Mclintyre

SUMMARY AND CONCLUSIONS The Fort Peck Indian Reservation is in the
Northern Great Plains and typically has rolling
Petroleum and natural gas and lignite are thiplands that are dissected by the Missouri and
most important mineral resources on the Fort PeBloplar Rivers and their tributaries. The Missouri
Indian Reservation. Oil is being produced anRiver is the largest stream in the area, flowing
lignite resources are sufficient to supporeastward at a gradient of about 1 foot per mile.
large-scale surface mining. Deposits of sall,he Poplar River flows south across the central
potash, clay, shale, bentonite, clinker, sand, gravphrt of the reservation to join the Missouri River at
silica, and possibly sodium sulfate are preseroplar. The altitude ranges from about 3,050 feet
Some lignite may contain significant quantities oh the northwestern part of the reservation to less
leonardite, montan wax, and uranium. than 1,900 feet in the southeastern part.
Additional petroleum and natural gas discover- The main settlements are in the valley of the
ies are likely. Geologic and geophysical surveydissouri River, along U.S. Highway Eigure 2;
should be conducted in favorable, though stithe largest city is Wolf Point. The largest nearby
unexplored, areas. city is Glasgow, about 15 miles west of the south-
The eastern part of the reservation containgest corner of the reservation. A few Post Office
three large lignite deposits that can be mined Isyations are in the northern part of the reservation.
surface methods. Further exploration aimed at State Highway 13 extends north through the
finding other deposits should be undertaken. center of the reservation and State Highway 247
The clay, shale, bentonite, sand, gravel, arfdot on map) extends across the northwest corner.
silica deposits should be examined to obtaieveral unsurfaced county roads are present, but
additional information as to their quality and sizenot shown onFigure 2 The main line of the
Burlington Northern Railroad extends across the
INTRODUCTION southern edge of the reservation, parallel to U.S.
Highway 2, and a branch line extends north on the
The Fort Peck Indian Reservation occupiesast side of Big Muddy Creek.
about 1,456 squamiles @31,792 acres) in Val- Cattle grazing and wheat farming, extensive in
ley, Roosevelt, Daniels, and Sheridan Countiesihe upland areas, are the main industry. There is
northeastern Montan&igure landrigure 3. The production of oil in the central and northwestern
reservation has natural boundaries on three sidparts. Sand and gravel and lignite are the other
the Missouri River on the south, Porcupine Cregkincipal mineral commodities that have been
on the west, and Big Muddy Creek on the east. Theoduced.
northern boundary is along the upper part of the
second tier of sections through township 33 N.,
from the east side of Range 39 E. to the east side of
Range 55 E.
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Status of Mineral Resource Information For The Fort Peck Indian Reservation, Northeastern Montana
M. R. Mudge, Michael Sokaski, D. D. Rice, and George Mclintyre
Previous Investigations compile and summarize available information on
the geology, mineral and energy resources, and
The reservation and adjacent areas have bgmtential for economic development of certain
of much geologic interest since Lewis and Clarkadian Lands. Sources of information were pub-
traveled up the Missouri River in 1805. Thdished and unpublished reports as well as personal
Hayden survey included the region in its studies scbmmunication with various individuals. Re-
the Nebraska territory (Meek and Hayden, 1862purce computer files of the Geological Survey and
Meek, 1876). An early study evaluated the exhe Bureau of Mines were searched for reference to
posed lignite beds (Smith, 1910) in the reservatiospecific mineral deposits in northeastern Montana.
In 1946 geologic studies in and near the resaxo field work was done.
vation provided data for the U.S. Bureau of Recla-
mation. Numerous maps and reports were pre- GEOLOGY
pared by Colton (1955, 1962, 1963a-j, and 1964a
and b); Colton and Bateman (1956); ColtorGeneral
Lemke, and Lindvall (1961); Witkind (1959); and
Jensen and Varnes (1964). A recent study near theThe Fort Peck Indian Reservation is in the
reservation is an unpublished mineral resouraeestern part of the Williston Basi&igure 3, an
survey of the Charles M. Russell National Wildlifeexceptionally large sedimentary basin during much
Range (Wolfbauer and Rice, 1976). of Paleozoic and Mesozoic time. More than
The reservation's mineral resources and thdi0,000 feet of sedimentary strata underlie the area,
potential were evaluated by Henkes and Magitif which about 1,900 feet is exposed at the surface
(1970). Ayler, Smith, and Deutman (1969) defFigure 4. As much as 357 feet of Quaternary and
scribed coal deposits in Montana that are minalkge Tertiary unconsolidated sediment overlie the
by surface methods. Three of these deposits areseaimentary rocks.
the reservation. The lignite, salt, and potash
deposits have been described by the Great Nor8tratigraphy
ern Railway Co. (Burlington Northern, Inc.;
1953-1955, 1959, 1965, 1966). Witkind (1959) The outcropping sedimentary rocks are Late
described geology and mineral resources in ti@etaceous and Early Tertiary in agealfle J.

northeastern part of the reservation. They are mostly shale and siltstone with lesser
amounts of sandstone and some thin beds of
Present Investigation bentonite and thin to thick beds of lignite. The

oldest unit is the Bearpaw Shale of which only
This report was prepared for the U.S. Bureau about 400 feet is exposed, in the southern and
Indian Affairs by the U.S. Geological Survey anavestern part of the reservatioRigure 3. The
the U.S. Bureau of Mines under an agreement sbale either forms badland topography or a terrain
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of small hills having gentle slopes (Jensen ar{densen and Varnes, 1964, p. 11-12). The Fox Hills

Varnes, 1964, p. 5). is exposed along the east side of Little Porcupine
The Fox Hills Sandstone overlies the Bearpa®@reek and in the south-central part of the reserva-

and consists of a lower transitional marine shat®mn (Figure 4. It was eroded in the western part

overlain by a thick sandstone. The shale mosthf the reservation prior to deposition of the Flax-

weathers in slopes like that of the Bearpaw Shalélle Gravel.

whereas the sandstone forms a conspicuous yel-

lowish brown to dark yellowish orange rimrock

TABLE 1
Rock Units Exposed in the Fort Peck Indian Reservation
(from Colton and Bateman, 1956; and Colton, 1962, 1963a-j)

Quaternary System
Pleistocene and Recent
Alluvium , fine to coarse flood-plain deposits of Missouri River and major
tributaries. Chiefly silt with local gravel lenses. Deposits are 15 to 30
feet thick in valley of smaller tributaries, but may be more than 150 feet
thick along the Missouri River.
Kintyre Formation , buff brown clay, silt, and sand; well bedded, some
crossbedding, locally contorted; thickness up to 150 feet.
Plentywood Formation , poorly sorted and bedded gravel deposits 25 to 50
feet thick containing cobbles and boulders. Terrace remnants of a valley
train of glacial origin.
Glacial till , consists of older and younger glacial tills, unstratified,
compact, highly impervious, heterogeneous mixture ranging in size from clay
to boulders. Generally 15 feet thick; locally as much as 250 feet thick.
Tertiary System
Miocene or Pliocene
Flaxville Gravel , sand and gravel, 90 percent of which is brown and red
quartzite and argillite. Caps highland areas ranging in altitude from 2,400
to 3,000 feet. Mostly 30 to 50 feet thick, but locally may be more than 80
feet thick. Well stratified and well sorted, consisting of about 5 percent
silt, 35 percent sand, 60 percent pebbles, and a few cobbles.
Unconformity
Paleocene
Fort Union Formation , interbedded gray clay, buff silt, lignite, buff
calcareous sandstone, brown carbonaceous clay, olive-gray sand, gray
bentonitic clay, and silty limestone concretions. Well sorted and strati-
fied. Marked lateral variations. About 1,100 feet thick. Lower contact
arbitrarily placed at base of lowest mappable lignite bed.
Gradational contact
Cretaceous System
Hell Creek Formation , well-stratified shales, siltstones, sandstones, and
carbonaceous shales about 280 feet thick. Overall appearance is somber
greenish gray. Weathered surfaces of bentonitic shale beds have spongy
texture. Lower 50 to 100 feet is mostly medium-tan sand, locally cemented
to sandstone. Contains vertebrate remains. A few quartzite pebbles locally
in basal 50 feet.

BIA Administrative Report 28 (1977) 3
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Unconformity

Montana Group
Fox Hills Sandstone , consists of upper sandstone unit 50 to 80 feet thick
underlain by transitional marine shale unit 35 feet thick. Lower unit
consists of thin-bedded, well-laminated shale grading to silt toward top.
Upper sandstone contains numerous concretions. Upper parts of formation
locally eroded prior to Hell Creek sedimentation.

Gradational contact
Bearpaw Shale , dark olive-gray, slightly fissile semi-consolidated jointed
clayey shale. Contains ellipsoidal concretions of several kinds, many
containing marine fossils. A few sandy shale beds in upper part. About
1,100 feet thick, of which only the upper 400 feet crops out. Thin benton-
ite lenses present; bentonite is also disseminated through some shales.

The Hell Creek Formation overlies the Foxtullock Member of the Lance Formation as
Hills Sandstone and is mainly shale and siltstomeapped south of the reservation by Collier and
with interbedded ledge-forming sandstone. Thenechtel (1939). The lignite beds are more com-
outcrop area in the central and north central partwion in the lower and middle parts of the combined
the reservation is much dissected by coulees whagats (the Fort Union Formation).
steep sides are locally interrupted by ledges of The Fort Union, in general, dips eastward and
cross-bedded sandstone; the sandstone ledgestbapthickest sequence of strata are in the eastern
buttes in the upland area (Jensen and Varnes, 1964t of the reservation. In the area between Poplar
p. 18). The formation is absent in the western pahd Little Porcupine Creeks the Fort Union is
of the reservation as a result of pre-Flaxvilléocally absent and Flaxville gravel rests uncon-
erosion. formably on the Hell Creek FormatioRigure 4.

The thick (1,400 feet) Fort Union FormationThe formation is absent west of the Middle Fork of
overlies the Hell Creek, and consists mainly dVolf Creek and the upper reaches of Cottonwood
clay, silt, sandstone and lignitégble ). Some of Creek.
the clay is bentonitic. The formation forms a The Flaxville Gravel is a widespread deposit of
grass-covered rolling landscape with some sansind and gravel of Miocene or Pliocene age that
stone benches (Colton, 1962, p. 245). Coltaraps highland areas in much of the central and
(1962, p. 279-282) describes 12 of the momorthern parts of the reservatidfiqure 4. Collier
important lignite beds (2-9 feet thick) in and nortand Thom (1918, p. 182) record 15 feet of pure
of the northeast part of the reservation, and noteslcanic ash in the Flaxville north of the reserva-
that there are many local beds less than 2 ¥ féiein in secs. 19 and 20, T. 35 N., R. 43 E. Colton
thick. (1963d, g, h, i, j; 1964) reports thin, impure, and

The Fort Union Formation (Colton and Batelenticular deposits of volcanic ash in the northern
man (1956), and Colton (1955, 1962, 1973a-)art of the reservation.
includes, in descending order, the Tongue River The Wiota gravel (Jensen, 1959b), is
and Lebo Members of the Fort Union and thpre-glacial and of post-Flaxville age; it lies at

BIA Administrative Report 28 (1977) 4
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altitudes ranging from about 2,100 to about 2,4@tructure
feet. Most of the deposits are on terraces north of
the Missouri River. Typically, the lower part ofa  The structure is shown dfigure 3andFigure
deposit contains moderately well bedded sanéy The main features are the Poplar Dome, the east
gravel and many lenses of sand whereas the upflank of the Bowdoin Dome and the
part is commonly silt and fine- to medium-graine@rockton-Froid fault zone (Colton and Bateman,
sand with intercalated clay lenses (Jensen ahfl56). Associated with the Poplar Dome are the
Varnes, 1964, p. 29). Opheim Syncline and the Bredette, Wolf Creek,

Till deposits from Pleistocene continentand Oswego Noses. The Bowdoin Dome includes
glaciation mantle much of the reservation (Coltorgbout 200,000 acres and has a closure of about 750
Lemke, and Lindvall, 1961). There are two ages &éet; the dips are gentle and range between 20 and
deposits (Colton, 1955, 1962, 1963a-j, and 19640 feet per mile (Schroth, 1953, p. 140).
but only the very thick deposits are shown on
Figure 4 The north central upland area is un- The Brockton-Froid fault zone extends north-
glaciated (Colton, Lemke, and Lindvall, 1961). east across the southeast corner (Colton and Bate-

Melt-water channels, ice-crack, recessionaman, 1956); other small faults in the area are
lateral, and end moraines, and undrained deprasiown by Colton (1963).
sions are common features (Colton, Lemke, and
Lindvall, 1961). Outwash, kame, and esker depos-
its also are common and are mostly composed MINERAL RESOURCES
sand and gravel (Colton, 1955, 1962, 1963a-j, and
1964). General

Alluvium, colluvium, pond, and eolian deposits
are widespread. The thickest alluvium is in the Mineral resources of value or potential value in
Missouri River valley where it may be more thathe Fort Peck Indian Reservation include petro-
130 feet thick (Colton, 1955; Swenson, 1955)eum and natural gas, lignite, sand and gravel, clay
Colluvium is along the sides of most valleysand shale, bentonite, sodium sulfate, potash, salt,
Ponded deposits are in most of the undrainadica, leonardite, montan wax, riprap, and clinker.
depressions in the glaciated area (Colton, 1955f these, petroleum and natural gas and lignite are
1962, 1963a-j, and 1964). Dune sand is commdme most important. The reservation has no poten-
in the vicinity of Brockton, on the uplands south ofial for metallic mineral resources.
Little Cottonwood Creek, northeast of Tule Creek
and along the northern border north of the upper
reaches of the East Fork of the Little Porcupine
Creek (Colton, 1963a, 1964).

BIA Administrative Report 28 (1977) 5
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Energy Resources tion which is overlain by approximately 780 feet of
Ordovician and 200 feet of Silurian sediments.

Petroleum and Natural Gas This Ordovician and Silurian sequence is almost
entirely limestone and dolomite with the exception

General of the lower 100 feet or more which is mostly

sandstone of the Winnipeg Formation.

Petroleum was first discovered on the Fort Although no Lower Paleozoic reservoirs
Peck Indian Reservation in October 1951, when gtoduce within the reservation, nearby fields yield
was tested from the Mississippian Charles Formpetroleum and natural gas from the Ordovician
tion on the east flank of Poplar dome, which iRed River Formation. These accumulations may
now part of the East Poplar field. There are prebe related to thinning over paleostructures
ently 15 oil fields in the reservation, 10 of which{Ballard, 1969, p. 16-17). Dow (1974, p. 1255)
are producing oil as of January 1, 19Fig(re §. identified the medial shale of the Winnipeg Forma-
These fields were discovered between 1951 atidn as the source rock for most of the lower
1964. Gas is produced locally for use on the leagesleozoic oil in the Williston basin. The western

in the East Poplar field. limit of this shale unit is probably within the
reservation. The basal part of the Ordovician
Oilfield Stratigraphy Stony Mountain Formation is also a potential

source bed in this area.

Strata ranging in age from Cambrian to Ter- The Devonian system is about 900 feet thick at
tiary, except for Permian, have been penetratediast Poplar field and is dominantly carbonate with
oil and gas wellsTable 2. Most systems have minor shale, siltstone, and anhydrite. The Bakken
potential reservoirs and also organic-rich shal@prmation overlaps the Devonian-Mississippian
which may be source beds. Many of the units web®undary and is black, organic-rich shale and
described by Knechtel (1959) in the Little Rockgiltstone. The Prairie Formation, which attains a
Mountains approximately 100 miles to the westhaximum thickness of 525 feet in the deepest part
however, nomenclature, thicknesses, and genesfithe Williston basin with a thick halite sequence,
descriptions of the units as shownTiable 2and is absent in most of the area because of solution.
described in the text are from subsurface control. The Birdbear Formation, or Nisku Formation
Mallory (1972) discusses the stratigraphy anef subsurface usage, is the major producing reser-
geologic history of the Rocky Mountain regionyoir within the reservation. The Winnipegosis
Wolfbauer and Rice (1976) summarize the stratifFormation produces oil east of the reservation in
raphy of the Charles M. Russell Wildlife Refugestructural traps where fracturing has increased the
southwest of the reservation. permeability (Kinard and Cronable, 1969).

The oldest beds penetrated by drilling are The Upper Devonian-Lower Mississippian
shales assigned to the Cambrian Emerson Forniakken shale has been identified by Dow (1974, p.

BIA Administrative Report 28 (1977) 6
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1257) as the principal source of oil for Mississiplimited to the Judith River, Muddy, Fall River, and
pian Madison reservoirs in the Williston basinKootenai Formations. The Judith River Formation
Dow (1974, p. 1260) also concluded that oil in thiecally produces gas at the East Poplar field. On
Birdbear Formation in northeastern Montana canigowdoin dome, west of the reservation, the Upper
from the Bakken shale where the two were juxt&retaceous Carlile and Greenhorn intervals pro-
posed by faults. However, some of the Birdbeauce dry gas over a large area.
and other Devonian oil was probably generated in
local source beds. Probable marine source beRieductive Structures
are present in most of the Devonian formations.

The Mississippian System is represented by the The main structural feature within the reserva-
Madison and Big Snowy Groups which attain #on is the Poplar dome, a northwest-trending
thickness of about 2,500 feet. The lower Madisasymmetrical anticline of Laramide agegure 5.
Group is predominantly limestone with somd&he western part of the reservation includes the
anhydrite, dolomite, shale, and evaporites in theast flank of the Bowdoin dome, also a Laramide
upper Charles Formation which is the main resefieature.
voir in the Poplar and Bredette fields. The Big Other significant structures are the northwest
Snowy group is composed of sandstone, siltstorieending Bredette, Oswego, and Wolf Creek noses
shale, and minor limestone. plus the Opheim synclind-igure 5. These are

Pennsylvanian rocks unconformably overlie thendoubtedly related to a major northeasterly and
Big Snowy Group and consist of siltstone, shal@prthwesterly trending lineament block system as
and minor sandstone and limestone of the Tyldetailed by Thomas (1974) in the greater Williston
Formation and carbonates of the Minnelusa Formbasin-Blood Creek syncline area. Although the
tion. exact cause of these lineaments, which are well

Over 100 feet of red sandstone, siltstone, ampressed on aerial photographs, is not known,
shale of the Triassic Spearfish Formation re#itey suggest a general weakness of the basement
unconformably on Pennsylvanian rocks and awmehich undoubtedly had an effect on the geological
unconformably overlain by Jurassic strata. and petroleum history of the area as shown by the

The Jurassic sequence consists of approfollowing examples.
mately 1,100 feet of shale, sandstone, limestone, Ballard (1969) related Red River production in
dolomite, and anhydrite. The Late Jurassic Morrirortheastern Montana to depositional thins along
son Formation along with the Early Cretaceoysroposed lineaments. Oil accumulated in the
Kootenai Formation are probably the only non€harles "Radcliffe” zone in algal pelletoid mounds
marine units in the subsurface. which Hansen (1966) postulated were controlled

Cretaceous sediments below the Fox Hilley paleomovement along trends of weakness.
Sandstone are about 4,000 feet thick and demtrapment of oil in the Kibbey Sandstone at
predominantly shale with sandstone and siltstongeldon field was enhanced by regional westward
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truncation of the reservoir beds duringarrelsvaluedat$157,311,63&ple 3. Cumula-
post-Pennsylvanian to pre-Jurassic time along thee production from each field ranged from 1,979
Weldon fault (Edmisten and Foster, 1969). Sanbarrels (Wolf Creek) to 41,712,665 barrels (East
berg and Mapel (1967) showed offset of Devoniddoplar). Ten of the fields produced less than 1
indicative of paleomovement along the Weldomillion barrels each.
fault which trends into the Brockton-Froid fault No gas fields have been discovered on the
zone in the study area. Other lineaments undoubéservation. However, natural gas is produced
edly cross the reservation and may have had fiom the Tule Creek oil field. In 1974, 162,220
effect on both stratigraphy and hydrocarbon acciMcf were produced. McCulloch Interstate Gas

mulations. Corp. operates a natural gas liquids extraction
plant near the Tule Creek oilfiel&igure §. The
Production East Poplar oilfield produces a small amount of

gas, which is used in operations at the field.
As of January 1976, cumulative production
from the 15 fieldsKigure § was 57,556,463

TABLE 3
Cumulative Oil Production, Value, and Reserves for Qil Fields, Fort Peck Indian Reservation*

Cumulative Cumulative

value to production Reserves

1-1-76 to 1-1-76 on 1-1-76 Producing
Field (dollars) (barrels) (barrels) formations

Benrud 530,011 208,751 0 Nisku (Dev.)
East Benrud 6,017,265 1,888,989 111,000 Nisku
Northeast Benrud 2,320,866 845,136 135,000 Nisku

Bredette 413,000** 185,176** 0 Charles "C" (Miss.)

North Bredette  1,160,000** 488,554** 0 Miss.

Chelsea Creek 43,764 11,548 0 Nisku

Mineral Bench 361,636 139,554 1,000 Charles "C" Duperow
(Dev.)

East Poplar 111,440,686 41,712,665 3,881,000 Madison & Heath (Miss.)

Nisku
Northwest Poplar 2,828,552 613,640 473,000 Charles"C"
Red Fox 1,000,677 348,577 18,000 Nisku

Tule Creek 18,591,494 6,708,279 1,291,000 Nisku
East Tule Creek 5,281,883 1,904,019 195,000 Nisku
South Tule Creek 1,721,998 612,264 89,000 Nisku
Volt 5,597,526 1,887,332 839,000 Nisku
Wolf Creek 2,275 1,979 0 Madison
TOTALS 157,311,633 57,556,463 7,033,000

*Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conservation Division.
**Henkes and Magill, 1970, p. 19.
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Oil Fields In 1956, oil was discovered in the Kibbey
Sandstone (Mississippian) from a zone 5,231 to
General-The East Poplar field, the largest orb,243 feet deep. The discovery well, in SW ¥ NE
the reservation, and its extension, the Northwegt sec. 27, T. 28 N., R. 51 E., initially produced 54
Poplar field, are centered about 10 milebarrels per day. Production was discontinued
north-northeast of PoplaFigure §. The Tule because it was noncommercial (Henkes and
Creek, East Tule Creek, South Tule Creek, Benrudagill, 1970, p. 25).
East Benrud, Northeast Benrud, Red Fox, Volt, The Poplar dome is about Blles long and 25
Wolf Creek, and Chelsea Creek fields are centeradles wide with about 300 feet of closure. The
about 18 miles north of Wolf Point. The Bredett&ast Poplar oil field is subsidiary dome on its
and North Bredette fields are about 30 miles nortiortheastern flank which covers an area about 8
of Poplar. The Mineral Bench field is about 2éniles long and 5 miles wide with a closure of
miles north-northeast of Poplar. about 100 feet (Perry, 1970, p. 82).
In May 1969, oil was obtained from the Heath
East Poplar-The East Poplar fielddgure 6 Formation (Mississippian) through the reworked
andFigure 7 was discovered in 1952 in T. 28 andPolumbus Huber No. 1 well in the NE % sec. 10,
29 N., R. 50 and 51 E., Roosevelt County. THE. 28 N., R. 51 E. Initial pumped production was
discovery well, Murphy Oil Corporation's Eas45 barrels of oil and 50 barrels of water per day
Poplar No. |, was in the SW ¥4 NE % sec. 2, T. Z8bom perforations between depths of 4,864 and
N., R. 51 E. Initial production was 625 barrels pet,882 feet (Henkes and Magill, 1970, p. 25). The
day of 41° API gravity oil from the Charles Formaeombination structural and stratigraphic trap
tion of the Madison Group. Perforations werenderlies about 480 acres and has a natural water
from 5,668 to 5,680 feet and from 5,799 to 5,81drive. The producing zone has about 8 feet of net
feet (Henkes and Magill, 1970, p. 25). The@ay with an average porosity of 11 percent. Oil
Charles "C" zone has about 25 feet of net pay witravity is 38° API.
an average porosity of 11 percent and underlies Oil was discovered in February 1969 in the
about 18,000 acres. The oil has been trapped iNgku Formation (Devonian) when the E. A.
dome-like structure with a natural water drive. Polumbus Huber No. 5 well was drilled in the SW
The depths of the formation tops, in feet, below. NE %2 sec. 10, T. 28 N., R. 51 E. The well
the Kelly bushing (elevation 2,123 feet), penetrataditially produced 51 barrels of oil and 475 barrels
by the discovery well are as follows: Judith Riveof water per day. Daily oil production increased to
752; Fall River Sandstone 3,178; Morrison 3,50%bout 200 barrels but soon declined to about 150
and Mission Canyon 5,940. Total depth of thearrels while water production increased to 1,200
hole is 9,163 feet (Henkes and Magill, 1970, gharrels. Perforations were between 7,262 and
26). 7,264 feet (Henkes and Magill, 1970, p. 25). The
pool underlies about 320 acres and has about 12
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feet of net pay with an average porosity of 8 per-
cent. The field has a natural water drive. Water
produced is injected into the Fall River sandstone
and Judith River Formation. Production data are in

Table 4
TABLE 4
Production Data, Number of Wells, and Reserves, East Poplar Oil Field, Fort Peck Indian Reserva-
tion.
Production No. producing wells*
Year (barrels) Heath (Miss.)  Madison**  Nisku (Dev.)
1966 889,626 0 70 0
1967 732,519 0 70 0
1968 674,917 0 61 0
1969 730,658 4 58 1
1970 706,247 4 59 3
1971 629,411 4 58 2
1972 538,045 3 60 1
1973 512,646 3 58 1
1974 497,395 3 59 1
1975 467,585 3 63 1

*Number wells at end of year. Producing formations: Heath (Miss.), Madison (Miss.) Nisku (Dev.).
**Charles and Mission Canyon Formations (Miss.) Cumulative production to January 1, 1976, was
41,712,665 barrels. Estimated reserves as of January 1, 1976, are:

Heath 88,000 barrels
Madison 3,728,000 barrels
Nisku 65,000 barrels

TOTAL 3,881,000 barrels
Probable water drive in all three formations. Estimated ultimate recoveries:

Heath 79 barrels/acre ft.
Madison 100 barrels/acre ft.
Nisku 65 barrels/acre ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1966 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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Northwest Poplar-The Northwest Poplar Both surface geology and seismic data were aids in
oilfield (Figure § was discovered in 1952 whendefining the prospect (Henkes and Magill, 1970, p.
the Ajax Oil Company McGowan No. 1 well was26). The producing zone has about 16 feet of net
completed in the SE ¥4 SW ¥ sec. 10, T. 29 N., Bay with an average porosity of 10 percent and
50 E. Initial pumped production was 75 barrels afnderlies about 800 acres.
oil and 25 barrels of water per day from the Production data, number of wells, and reserves
Charles Formation of the Madison Group. Perforare given inTable 5
tions were between depths of 6,164 and 6,189 feet.

TABLE 5
Production Data, Number of Wells, and Reserves, Northwest Poplar Oil Field, Fort Peck Indian
Reservation.
Production

Year (barrels)  No. producing wells*  No. shut-in wells*
1964 21,212 5 0

1965 19,522 5 0

1966 20,830 4 0

1967 20,199 5 0

1968 18,479 5 0

1969 14,432 1 0

1970 17,112 3 0

1971 16,282 3 0

1972 11,322 2 0

1973 13,885 3 0

1974 11,968 3 0

1975 121,265 9 0

*Number of wells at end of year.

Producing formation: Charles (Miss.).

Cumulative production to January 1, 1976, was 613,640 barrels.
Estimated reserves as of January 1, 1976, are 473,000 barrels.
Probable water drive.

Estimated ultimate recovery: 78 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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Tule Creek-The Tule Creek oilfieldigure 9  between 7,660 and 7,692 feet (Henkes and Magill,
was discovered when the Murphy Oil Corporat970, p. 27). Surface geology and seismic data
tion's E. O. Sletvold No. 1 well was drilled in thevere guides to finding the field (Henkes and
SE Y4 SE Y1 sec. 18, T. 30 N., R. 48 E. It wadagill, 1970, p. 27).
completed October 27, 1960, at a total depth of Formation tops penetrated by the discovery
8,478 feet. Initial production was 476 barrels pavell are as follows: Judith River 1,422; Eagle
day of 46° API gravity oil from the Nisku Forma-1,933; Greenhorn 3,088; Fall River Sandstone
tion. The oil is confined in a structural trap at 8,970; Swift 4,348; Rierdon 4,828; Piper Lime-
depth of about 7,500 feet. The producing zone hst®ne 5,101; Spearfish 5,374; Otter 5,462; Kibbey
an area of about 1,160 acres, thickness of 25 feé&598; Madison 5,811; Bakken 7,536; Three Forks
average porosity of 15 percent, and natural waté545; Nisku anhydrite 7,627; Duperow 7,718;
drive. Produced water is injected into the Judit8ouris River 8,140; and Dawson Bay 8,400. Total
River and Fall River Sandstone. Production weltdepth is 8,470 feet. (Henkes and Magill, 1970, p.
were drilled on 160-acre spacing. Perforations R¥/.)
the discovery well, the deepest in the field, are Table 6gives production data.

TABLE 6
Production Data, Number of Wells, and Reserves, Tule Creek Oil Field, Fort Peck Indian Reservation.

Production
Year (barrels)  No. producing wells*  No. shut-in wells*
1964 564,480 7 0
1965 515,096 7 0
1966 493,786 7 0
1967 460,794 7 0
1968 457,642 6 0
1969 448,749 6 0
1970 399,656 6 0
1971 319,181 6 1
1972 266,998 5 1
1973 229,003 5 1
1974 202,706 5 1
1975 165,385 5 1

*Number of wells producing at end of year. Producing formation: Nisku (Dev.)
Cumulative production to January 1, 1976, was 6,708,279 barrels.

Estimated reserves as of January 1, 1976, are 1,291,000 barrels.

Probable water drive.

Estimated ultimate recovery: 276 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conservation Division,
Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas Fields.
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East Tule Creek-The East Tule Creek oilfield gravity oil from the Nisku Formation. The oil is
(Figure 9 was discovered on October 28, 1964onfined in a structural trap with a water drive.
with the completion of Murphy Oil Corporation'sThe producing area, about 400 acres, has about 30
Bridges No. 1 well in the SE ¥4 NE % sec. 15, Teet of net pay with an average porosity of 18
30 N., R. 48 E. Perforations in the discovery weplercent. Produced water is injected into the Judith
were between depths of 7,490 and 7,508 feRtver Formation. The field has 160-acre well
(Henkes and Magill, 1970, p. 28). Initial pumpedpacing. Production data, number of wells, and
production was 411 barrels per day of 43° API reserves are given ifable 7

TABLE 7
Production Data, Number of Wells, and Reserves, East Tule Creek Oil Field, Fort Peck Indian
Reservation.

Production
Year (barrels) No. producing wells*  No. shut-in wells*

1964 47,855
1965 374,684
1966 342,847
1967 279,866
1968 230,396
1969 175,056
1970 120,687
1971 101,703
1972 89,413
1973 70,976
1974 43,646
1975 26,890

NN oD
COO0O0ooco0co0c00O®

*Number of wells at end of year.

Producing formation: Nisku (Dev.). Cumulative production to
January 1, 1976, was 1,904,019, barrels.

Estimated reserves as of January 1, 1976, are 195,000 barrels.
Probable water drive.

Estimated ultimate recovery: 175 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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South Tule Creek-The South Tule Creek (Nisku) has about 8 feet of net pay and averages 12
oilfield (Figure 9 was discovered June 19, 1964percent porosity. Estimated size of the field is 400
when the Brinkerhoff Track No. 1 well in the SE Yacres. The produced water is injected into the
NW V4 sec. 36, T. 30 N., R. 47 E. was completedudith River Formation and Fall River Sandstone.
Total depth of the well is 7,360 feet. Initial pro-Two offset wells were drilled; one initially pro-
duction was 84 barrels per day of 43° API gravitguced 80 barrels per day, and the other was a dry
oil. The oil is confined in a structural trap with &ole (Henkes and Magill, 1970, p. 28).

natural water drive. The producing horizon Production data are ihable 8
TABLE 8
Production Data, Number of Wells, and Reserves, South Tule Creek Oil Field, Fort Peck Indian
Reservation.
Production

Year (barrels)  No. producing wells*  No. shut-in wells*

1964 25,579 1 0

1965 57,920 1 0

1966 69,646 2 0

1967 93,750 3 0

1968 87,217 3 0

1969 81,583 3 0

1970 54,023 3 0

1971 45,406 3 0

1972 32,401 3 0

1973 29,665 3 0

1974 18,342 3 0

1975 16,422 3 0

*Number of wells at end of year.

Producing formation: Nisku (Dev.).

Cumulative production to January 1, 1976, was 612,264 barrels.
Estimated reserves as of January 1, 1976, are 89,000 barrels.
Probable water drive.

Estimated ultimate recovery: 219 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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Benrud:-The Benrud oilfield Figure § was The producing zone has about 22 feet of net pay
discovered December 7, 1961, by the Calventith an average porosity of 16 percent. The oil is
Exploration Company with their No. 1trapped inasmallstructural dome (about 80 acres)
Listug-Olson "A" well in the NE ¥ SW ¥ sec. 34with a natural water drive. Produced water is
T. 31 N., R. 47 E. Initial mduction was 498 injected into the Judith River Formation.
barrels per day of 43° API gravity oil from the Production data, number of wells, and reserves
Nisku Formation at a total depth of 7,620 feet. are given inTable 9

TABLE 9
Production Data, Number of Wells, and Reserves, Benrud Oil Field, Fort Peck Indian Reservation.

Production

Year (barrels) No. producing wells* No. shut-in wells*
1964 23,011 1 0
1965 31,268 1 0
1966 29,084 1 0
1967 16,915 1 0
1968 11,967 1 0
1969 5,455 1 0
1970 2,529 0 1
1971 49 0 1
1972 16,192 1 1
1973 9,047 1 1
1974 8,103 1 1
1975 200 1 1

*Number of wells at end of year.

Producing formation: Nisku (Dev.).

Cumulative production to January 1, 1976, was 208,751 barrels.
Estimated reserves as of January 1, 1976, are zero.

Probable water drive.

Estimated ultimate recovery: 119 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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East Benrud:This field (Figure § was discov- about 7,500 feet deep and has about 22 feet of net
ered by the Murphy Oil Corporation with theirpay with an average porosity of 15 percent. The
Tribal No. I-A well, completed December 13field contains a structural trap with a productive
1962, in the SE ¥4 NW %4 sec. 36, T. 31 N., R. 4atea of about 480 acres and a natural water drive.
E. at a total depth of 7,804 feet. Initial productioRProduced water is injected into the Judith River
was 503 barrels per day of 46° API gravity oil fronf-ormation.
the Nisku Formation. The producing zone is Production data are listed Trable 10

TABLE 10
Production Data, Number of Wells, and Reserves, East Benrud Oil Field,fort Peck Indian Reserva-
tion.

Production
Year (barrels)  No. producing wells*  No. shut-in wells*

1964 176,289
1965 129,877
1966 111,420
1967 101,267
1968 100,267
1969 175,605
1970 170,302
1971 150,216
1972 151,549
1973 157,129
1974 122,761
1975 128,014

WWWWNNNRPRPRPEE
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*Number of wells at end of year.

Producing formation: Nisku (Dev.).

Cumulative production to January 1, 1976, was 1,888,989 barrels.
Estimated reserves as of January 1, 1976, are 1,111,000 barrels.
Probable water drive.

Estimated ultimate recovery: 284 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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Northeast BenruekThe Northeast Benrud injected into the Judith River Formation.

oilfield (Figure § was discovered September 10, The depths to the formation tops, in feet below
1964, by the Murphy Oil Corporation. The discovthe Kelly bushing (elevation 2,704 feet), penetrated
ery well, Mule Creek-Allotted No. 1, is in the SWhy the discovery well are as follows: Judith River
Y4 SE Yasec. 20, T. 31 N., R. 48 E. Initial produd-ormation 1,438; Eagle 1,968; Niobrara 2,817;
tion was 408 barrels per day of 46° API gravity oiGreenhorn 3,153; Graneros 3,343; Fall River
from the Nisku Formation. Perforations in th&andstone 4,078; Swift 4,412; Rierdon 4,834,
discovery well were between the depths of 7,6iper Limestone 5,113; Nesson 5,260; Spearfish
and 7,625 feet and between 7,637 and 7,643 fé&891; Otter 5,435; Kibbey 5,563; Madison 5,818;
(Henkes and Magill, 1970, p. 23). The producinBakken 7,502; Three Forks 7,507; Nisku 7,589;
zone has about 23 feet of net pay with an averaged Duperow 7,687. Total depth is 7,865 feet
porosity of 16 percent. The oil is in a structuragHenkes and Magill, 1970, p. 23).
trap with a natural water drive. The productive Table 11gives production data, number of
area underlies about 160 acres. Produced watewrlls, and reserves.

TABLE 11
Production Data, Number of Wells, and Reserves, Northeast Benrud Oil Field, Fort Peck Indian

Reservation.

Production

Year (barrels) No. producing wells* No. shut-in wells*
1964 50,504 1 0
1965 176,364 1 0
1966 182,354 2 0
1967 152,099 1 0
1968 90,016 1 0
1969 50,629 1 0
1970 35,816 1 0
1971 28,666 1 0
1972 23,212 1 0
1973 20,013 1 0
1974 18,956 1 0
1975 16,507 1 0

*Number of wells at end of year.

Producing formation: Nisku (Dev.). Cumulative production to January 1, 1976 was 845,136 barrels.
Estimated reserves as of January 1, 1976, are 135,000 barrels.

Probable water drive.

Estimated ultimate recovery: 267 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conservation Division,
Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas Fields.
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Volt.--The Volt oilfield (Figure 10 was dis- 1,327; Fall River Sandstone 3,967; Rierdon 4,753;
covered July 11, 1964, when the Murphy OiKibbey 5,368; Madison 5,572; Bakken 7,174,
Corporation's Courchene No. 1 well was conNisku 7,272; and Duperow 7,372 (Henkes and
pleted. Itisinthe SE ¥4 SW ¥ sec. 4, T. 30 N., Rlagill, 1970, p. 28 and 29).

36 E., Roosevelt County. Initial production was The Nisku productive area (approximately 800
145 barrels of oil and 60 barrels of water per dagicres) has about 14 feet of net pay with an average
Production is from the Nisku Formation througiporosity of 20 percent. The oil is confined in a
perforations between depths of 7,304 and 7,3%fructural trap with a natural water drive. Produced
feet. (Henkes and Magill, 1970, p. 28.) water is injected into the Judith River Formation.

The depths of the formation tops, in feet below Production data, number of wells, and reserves
the Kelly bushing (elevation 2,726 feet), penetrateate given infable 12
by the discovery well are as follows: Judith River

TABLE 12
Production Data, Number of Wells, and Reserves, Volt QOil Field, Fort Peck Indian Reservation.

Production
Year (barrels)  No. producing wells*  No. shut-in wells*
1964 40,850 2 0
1965 153,420 5 0
1966 266,712 5 0
1967 230,929 6 0
1968 215,009 4 0
1969 176,867 4 0
1970 155,970 4 0
1971 140,403 4 2
1972 133,281 4 2
1973 120,894 4 2
1974 125,513 5 1
1975 110,100 5 1

*Number of wells at end of year.

Producing formation: Nisku (Dev.).

Cumulative production to January 1, 1976, was 1,887,332 barrels.
Estimated reserves as of January 1, 1976, are 839,000 barrels.
Probable water drive.

Estimated ultimate recovery: 241 barrels/acre-ft.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and Listed Oil and Gas
Fields.
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Oil was also discovered in the Charles Forma- The formation tops and their depths, in feet
tion on April 21, 1965, when the Murphy Oilbelow the Kelly bushing (elevation 2,423 feet),
Corporation's Trimble No. 1 well was reworkedpenetrated by the discovery well are as follows:
The well, in the NE % NE % sec. 8, T. 30 N., R. 46udith River 1,565; Greenhorn 3,202; Muddy
E., was originally drilled into the Devonian at3,742; Fall River 4,056; Rierdon 4,894; Piper
7,437 ft but abandoned in 1963. The well wasmestone 5,173; Spearfish 5,488; Heath 5,590;
reworked and perforations are between 5,891 a@dter 5,691; Kibbey 5,805; Charles 6,056; Mission
5,909 feet in the Charles "C" zone (a show of ofanyon 6,603; Lodgepole 7,237; Bakken 7,731;
was found in this zone when the well wasleld). Three Forks 7,790; Nisku 7,895; Duperow 7,986;
Initial pumped production was 16 barrels of 40Souris River 8,475; Interlake 9,013; Stony Moun-
API gravity oil and 33 barrels of water per daytain 9,317; Red River 9,442; and Winnipeg 9,731.
Net pay averages about 7 feet thick with an averagetal depth is 9,761 feet (Henkes and Magill,
porosity of 8 percent. The pool is in a structurdl970, p. 23).
trap with a natural water drive, and is estimated to Peak production was 97,886 barrels in 1956
underlie about 40 acres. Estimated ultimate recavem five wells. The last recorded production was
ery is 89 barrels per acre-foot. The Charles "@,922 barrels in 1960 (Henkes and Magill, 1970, p.
zone has produced between 17,000 and 26,0040).
barrels of oil. Table 3lists production data for this field.

Bredette--The abandoned Bredette oilfield North Bredette-The North Bredette field
(Figure 9 is about 30 miles north of the town of(Figure § which has not produced since 1965, isin
Poplar. The field was discovered in May 1955 bsec. 1, T. 32 N., R. 49 E. and secs. 28 and 34, T. 33
the California Company in their Elizabeth GrimnN., R. 49 E. It was discovered in May 1956 by the
No. 1 well, in sec. 13, T. 32 N., R. 49 E. InitialCalifornia Company with their Paulson No. 1 well
production was 140 barrels of 40° API gravity oMvhich is in the SW % sec. 34, T. 33 N., R. 49 E.
and 31 barrels of water per day from perforatiorieitial production was 114 barrels of 38° API
between depths of 6,537 and 6,545 feet. Tlgeavity oil per day from the McGowan and "C"
producing formation was the Charles "C" zonezones of the Charles Formation.

Five months after the field was discovered, eight The producing zones are fractured, micro-
wells had been drilled; four were noncommerciatrystalline, anhydritic and dolomitic limestone with
Seismograph data indicate the Bredette field, an average net pay zone of about 25 feet. The
secs. 12 and 13, T. 32 N., R. 49 E., is on a nortthepths to the formation tops, in feet below the
west-southwest trending anticline (Henkes angelly bushing (elevation 2,695 feet), penetrated by
Magill, 1970, p. 23). The reservoir rock is a fracthe discovery well are as follows: Judith River
tured microcrystalline, anhydritic and dolomiticl,874; Fall River 4,358; Charles 6,262; Mission
limestone with some porosity (Henkes and MagillCanyon 6,784; and Lodgepole 7,410. Total depth
1970, p. 23 and 24). is 7,475 feet (Henkes and Magill, 1970, p. 24). All
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six of the field's wells were completed as flowindparrels of 46° API gravity oil and 148 barrels of
wells. However, within 2 months, oil flow usuallywater per day from the Nisku Formation.
terminated because of excess water and pumping The depths of the formation tops, in feet below
became necessary (Pelr960, p. 82). In 1958 the the Kelly bushing (elevation 2,707 feet), penetrated
field produced 151,261 barrels of oil from fiveby the discovery well are as follows: Greenhorn
wells (Perry, 1960, p. 82). 3,092; Fall River 3,950; Spearfish 5,366; Kibbey
Table 3lists production data. 5,742; Madison 5,844; Bakken 7,571; Nisku 7,670;
and Duperow 7,758. Total depth is 7,775 feet
Red Fox--The Red Fox oilfieldKigure § was (Henkes and Magill, 1970, p. 27). The producing
discovered in April 1967 when the Murphy Oilzone averages about 10 feet of net pay with an
Corporation's Red Fox No. 1 well was completeaverage porosity of 18 percent. The field is con-
in the SE ¥4 NE % sec. 17, T. 30 N., R. 38 Hined to a structural trap with a natural water drive.
Perforations were between 7,694 and 7,698 feet Production data, number of wells, and reserves
and 7,704 and 7,711 feet (Henkes and Magilye given infable 13
1970, p. 27). Initial pumped production was 443

TABLE 13
Production Data, Number of Wells, and Reserves, Red Fox Oil Field, Fort Peck Indian Reservation.

Production

Year (barrels) No. producing wells* No. shut-in wells*
1967 101,565 I 0

1968 106,583 I 0

1969 73,838 1 0

1970 27,690 1 0

1971-72 16,988 1 0

1973 7,961 1 0

1974 7,201 1 0

1975 6,751 1 0

*Number of wells at end of year. Producing formations: (Dual Completion) Duperow (Dev.) and Charles "C"
(Miss.).

Cumulative production to January 1, 1976, was 348,577 barrels.

Estimated reserves as of January 1, 1976, are 18,000 barrels.

Probable water drive.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and listed Oil and Gas
Fields.
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Mineral Bench--The Mineral Bench oilfield Charles "C" zone has about 16 feet of net pay with
(Figure 6, a one-well field, was discovered oran average porosity of 11 percent. Both producing
January 31, 1965 when the Tenneco Oil Companygsnes are structural traps with a natural water
Nesbit No. 1 well was completed in the NE ¥4 NHErive. The productive area of the Duperow zone
Yasec. 4, T.31N., R. 51 E. Initial production wagnderlies about 40 acres, and the Charles "C" zone,
214 barrels of 33° API gravity oil per day from thebout 160 acres. Produced water is injected into
Duperow Formation between the following depthghe Dakota-Lakota Formation.
8,802 to 8,816; 8,870 to 8,872; and 8,876 to 8,886 The formation tops penetrated by the discovery
feet. After two offset dry holes were drilled, thevell were at the following depths, in feet below the
discovery well was reworked. Production from th&elly bushing (elevation 2,658 feet): Spearfish
reworked well was 237 barrels of 38° API gravit$,824; Amsden 5,939; Charles 6,520; Mission
oil and 10 barrels of water per day from th€anyon 7,148; Nisku 8,448; Duperow 8,564; and
Charles "C" zone through perforations at depths bfterlake 9,547. Total depth is 9,676 feet (Henkes
7,121 to 7,126 and 7,143 to 7,145 feet. Thand Magill, 1970, p. 24 and 25).
Duperow producing zone has about 24 feet of net Table 14lists the production data, number of
pay with an average porosity of 11 percent. Theawvells and reserves for this field.

TABLE 14

Production Data, Number of Wells, and Reserves, Mineral Bench Oil Field, Fort Peck Indian
Reservation.

Production

Year (barrels) No. producing wells*  No. shut-in wells*

1964 0 0 0

1965 34,240 | 0

1966 34,290 | 0

1967 16,465 | 0

1968 13,797 | 0

1969 8,551 1 0

1970-72 23,129 1 0

1973 6,016 1 0

1974 1,937 1 0

1975 1,129 1 0

*Number of wells at end of year. Producing formations: (Dual Completion) Duperow (Dev.) and Charles "C" (Miss.).
Cumulative production to January 1, 1976, was 139,554 barrels.

Estimated reserves as of January 1, 1976, are 1,000 barrels.

Probable water drive.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conservation Division,
Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and listed Oil and Gas Fields.
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Chelsea Creek.The Chelsea Creek field, anproduction was 160 barrels per day from the Nisku
abandoned one-well field, was discovered Aprfformation. The oil is confined in a structural trap
29, 1972, when the Calvert Petro Funds No. With a natural water drive.
Federal well was drilled in SE ¥4 SW Y4 sec. 33, T. Table 15gives the production data and number
30 N., R. 48 E. Total depth is 7,545 feet. Initialof wells.

TABLE 15
Production Data, Number of Wells, and Reserves, Chelsea Creek QOil Field, Fort Peck Indian
Reservation.
Production

Year (barrels)  No. producing wells*  No. shut-in wells*

1972 3,881 1 0

1973 5,428 1 0

1974 1,327 1 0

1975 912 0 0

*Number of wells at end of year. Producing formations: (Dual Completion) Duperow (Dev.) and Charles "C"
(Miss.).

Cumulative production to January 1, 1976, was 11,548 barrels.

Estimated reserves as of January 1, 1976, are zero barrels.

Probable water drive.

Source: Department of Natural Resources and Conservation of the State of Montana, Oil and Gas Conserva-
tion Division, Annual Reviews 1964 to 1975 inc., Summary of Producing Oil Fields and listed Oil and Gas
Fields.

Wolf Creek:-The Wolf Creek field Figure The depths of the formation tops, in feet below
10), abandoned in 1956, is in sec. 14, T. 30 N., fhe Kelly bushing (elevation 2,727 feet), penetrated
46 E., Roosevelt County. It was discovered iby the discovery well are as follows: Judith River
December 1952 when the Continental Oil Con820; Fall River Sandstone 3,925; Rierdon 4,806;
pany's Fast No. 1 well was completed. InitigKibbey 5,510; Charles 5,574; and Mission Canyon
pumped production was 185 barrels of 32° AR,110. Total depth is 6,448 feet (Henkes and
gravity oil and 65 barrels of water per day from th#agill, 1970, p. 29).

Madison Formation. Perforations are between
depths of 6,409 and 6,437 feet. Cumulative pro-
duction from two wells was 1,979 barrels of oil.
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Oil Refining at shallow depths in accumulating sediments
generate gas consisting of methane; (2)
The Tesoro Petroleum Company refinery, witinature--thermal cracking processes generate liquid
a charge capacity of 2,700 barrels of crude oil paydrocarbons (oil) and high molecular-weight gas;
day, is the only oil refinery on the reservatiomnd (3) post-mature--gas, consisting of methane, is
(Figure 9. In 1975, 690,142 barrels of crude oigenerated by destruction of liquid hydrocarbons
were refined. Nearby fields supplied 686,624nd higher molecular-weight gases and by conver-
barrels and the balance was imported from Canag#&n of organic matter to carbon-rich residues and
Between 1970 and 1974 the crude oil refinegblatile conpounds in response to increasingly
yearly ranged from 515,831 barrels in 1970 teevere thermal cracking processes. Thermal
861,309 barrels in 1969. cracking processes are controlled by temperature
and duration of time (geologic time) factors.
Temperature is controlled primarily by depth of
Transportation and Markets burial.
Another important element in the formation of
An 8-inch gas pipeline crosses the southwelydrocarbons is the deposition of organic-rich
corner and south-central part of the reservatiosediments and (or) carbonates. The amount and
This pipeline runs from the Bowdoin gas field taype of hydrocarbon (oil or gas) generated depends
Poplar where it connects with a line to Willistonpn the volume of source rock and the concentration
N. Dak. A 4-inch oil pipeline connects the Tuleand type of organic matter it contains. When
Creek field with the East Poplar field. A 12-inchsufficient hydrocarbons are generated and expelled,
oil pipeline runs from the East Poplar field tdhey migrate along vertical and horizontal path-
Regina, Sask. A 10-inch oil pipeline runs souttvays until trapped in porous, permeable reservoir
from the East Poplar field to join a 16-inch piperock.
line at Cabin Creek and extends south into Wyo- In the Fort Peck Reservoir area west of the
ming. The major pipelines are showrHigure 6 reservation, Mississippian and older Paleozoic
There is a ready market for oil and gas imcks have probably generated oil, if adequate
Montana. The state imports about 81 percent sburce beds are present (Wolfbauer and Rice,

the oil that it refinesTable 1§. 1976). Based on criteria of Baker (1972) and
Momper (1972) and data from Wolfbauer and Rice
Potential Resources (1976) and Williams (1974), organic-rich intervals

in the Ordovician Winnipeg, Red River., and Stony
The occurrence of petroleum and natural gégountain Formations are considered as source
accumulations is related to their different modes bkds for Ordovician and Silurian oil because they
origin within the generally recognized three stagese in close contact with reservoirs that contain oil
of thermal maturation of organic matter in sedin adjacent areas. The Bakken shale is an excellent
mentary rocks: (1) immature--biological processespburce bed for Upper Devonian and Mississippian
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reservoirs. Shaly interbeds in the Madison Growpest have been primarily stratigraphically con-
are potential source beds for Mississippian oiltolled.
Devonian shales are probable sources of oil for Total known reserves on the reservation are
Devonian reservoirs. 7,033,000 barrelsT@ble 3. Future exploration

Oil accumulations in the Fort Peck Indiammay increase the reserves. Conditions considered
Reservation have been both structurally and strat&vorable for oil exploration on the reservation are:
graphically entrapped. Any remaining accumula- (1) Newly discovered oil commands a high
tions will probably be stratigraphic with onlyprice.
subtle structural control. To the east, stratigraphic (2) Oil is currently produced on the reservation.
traps in the Red River Formation and Charles (3) The reservation is underlain by sedimentary
"Radcliffe" are localized along basement linearocks that could contain oil and gas in stratigraphic
ments which may extend to the reservation. Locabhps. The most favorable rocks are of Lower
structure combined with porosity and permeabilitgretaceous, Upper Jurassic, Lower Pennsylvanian,
variations and fracturing of Devonian carbonatand Mississippian age.
units such as the Winnipegosis, Dawson Bay, and (4) In December 1974, a 1,400,000 barrel
Birdbear Formations are possible traps for Devailfield (Big Muddy Creek) was discovered six
nian oil. Also, cyclical deposition of carbonatesniles east of the southeast border of the reserva-
interbedded with shales and evaporites in th®n. The discovery well penetrated the Interlake
Souris River and Duperow Formations may forr{Silurian) and Red River (Ordovician) Formations
additional Devonian stratigraphic traps. for a total depth of 11,963 feet. Initial production

Future discoveries that produce over six milwas 1,246 barrels per day. Both formations pro-
lion barrels each will probably be in stratigraphicduce oil from a structural trap with a natural water
traps. A favorable location for an oilfield with thisdrive. Cumulative production in 1975, from both
type of trap is in T. 29 N., R. 52 E. and withirformations, was 306,968 barrels of oil valued at
Lower Cretaceous, Upper Jurassic, Lower Penns$4,003,556 (3 Red River wells and 1 Interlake
vanian, and Mississippian strata. well). The Interlake Formation is estimated to

Most of the future discoveries will probably becontain a productive area of about 320 acres with
in structural traps that individually produce lesan ultimate recovery of 200,000 barrels. The
than two million barrels. Favorable locations arproductive area of the Red River Formation is
inT.30N.,R.53 E.and T. 31 N., R. 51 E. Struestimated to be 960 acres with an ultimate recovery
tural traps could be in Devonian, Mississippiargf 1,200,000 barrels. This discovery demonstrated
Silurian, and Ordovician strata. that a small structure can produce more than 1

More extensive shallow, biogenic gas accumumillion barrels of oil.
lations of the immature stage which may exist in (5) Not all of the potentially favorable struc-
the Poplar field area should be reexamined. Signitires on the reservation have been tested.
icant resources of this type in low permeability Factors considered unfavorable for oil explora-
sandstone and siltstone in the Bowdoin field to thien on the reservation are:
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(1) Rocky Mountain oil costs about twice astrata to the south were studied by Collier and
much to find as Midcontinent oil, according to &nechtel (1939), to the east by Beekley (1912), and

large independent oil company. to the north by Bauer (1914b). All conclude that it
(2) Most of the conspicuous structures have difficult to correlate beds of lignite from one
probably been tested. area to another, partly because they are lenticular

(3) Nine of 15 oilfields are 1-, 2-, or 3-welland partly because they are extensively concealed
fields and are surrounded by dry holes. Becaubg younger deposits. The area in which the Fort
the cost of drilling dry holes substantially increasddnion Formation occurs and the abandoned lignite
total production costs, 1-, 2-, or 3-well fields arenines are shown drigure 11
often noncommercial. The Fort Union strata mostly dip at a low angle

(4) Seven of the 15 reservation oilfields wilto the east. In the north central and central parts of
produce less than one-half million barrels eadhe reservation the tilted beds are truncated by the

(Table 3. Flaxville gravel. Therefore, the oldest strata of the
Fort Union crop out in those areas, as well as in the
Environmental Aspects southeastern part of the reservation. The younger

strata crop out in the northeastern part.

All well sites should be graded and planted Northeast of BrocktonHigure 3 the lignite
with grass after the well is completed. Wells anbeds dip 25 to 135 feet per mile to the east (Smith,
pumping equipment should have automatic devic&910). Smith (1910, p. 46-47) lists 10 lignite beds
that will halt production when abnormal conditiongn a composite section 884 feet thick. The lignite
occur. All storage tanks should be enclosed lipeds range in thickness from 2 to 9 feet; the lower-
dikes and should be equipped with floating roofs tmost bed is 7.7 feet thick.
reduce the escape of hydrocarbons into the air. ~ West of the West Branch of Poplar River and

Cottonwood Creek are exposures of numerous

Lignite beds of lignite of the Fort Union Formation (Smith,
1910). Here the Fort Union is overlain by rela-
General tively thin glacial deposits on the lower elevation

and thicker deposits of Flaxville gravel and dune

Lignite is a major resource in the Fort Peckand on the upland area (Colton, 1963c, d, j, and
Reservation. Numerous lignite beds occur in th¥964a). In the area southeast of the junction of
Fort Union Formation in the eastern half of th€ottonwood Creek and West Branch of Poplar
reservation (Smith, 1910). Some beds are widRiver, Smith (1910, p. 57) lists a measured section
spread but most are lenticular; they are a northg2u2.8 feet thick) that contains 9 lignite beds
extension of the Montana lignite field which hasvhich range in thickness from 5 inches to 6 ¥
been studied by many. Smith (1910) studied theet. He (1910, p. 56-57) lists another section (180
lignite in the reservation and Colton (1962) studiefd 10 in.) at the east end of the bench south of the
the lignite in northeastern Montana. The samgest branch of Poplar River with 6 lignite beds that
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range in thickness from 5 inches to 6 feet; most are The overlying strata are mainly claystone, but
less than 3 feet thick. Smith (1910, p. 58) lists gome sandstones and calcareous siltstones also are
lignite beds north of Cottonwood Creek in a se@resent. These are generally irregularly inter-
tion (about 63 feet); each bed is less than 2 fdetdded and poorly indurated. Well indurated silt
thick. and sand concretions with carbonate nuclei are
Several lignite beds are in the northeastern pagndomly distributed throughout the overlying
of the reservation (Smith, 1910; Bauer, 1914b; arsfrata. These are small and should not adversely
Colton, 1962). Good exposures are on the souffect mining (Burlington Northern, Inc., 1975, p.
side of Wolf Creek, and along Coulee Creek. Ther7). Glacial till covers most of the area.
important beds are shown graphicallyregure 12 The topography is characterized by gently
Their reserves as of 1962 are shownrable 17 rolling hills. Maximum depth of the coal beds is
These lignite beds should be in strata equivalentabout 200 feetRigure 17andFigure 18§.
the lower part of the Tongue River Member of the Lignite resources and overburden ratios are
Fort Union Formation listed inTable 18
Colton (1962, p. 281) reports the average
thickness of individual lignite beds in the north- Reserve-The Reserve lignite depositisin T.
eastern part of the reservation to range between 3BN., R.55E., T.33N.,R.54 E.,and T. 33 N., R.
and 9 feet. These contain a measured reservesbfE., west of the towns of Reserve and Medicine
32,952,800 short tons, and an inferred reserve laike Figure 11andFigure 19. Figure 19depicts
61,487,500 short tons (Colton, 1962, p. 279). structure contours of the No. 1 bed and the 50- and
100-foot isopachous lines of the overburden. The
No. 1 bed, which is the most important, has been
Deposits designated the Coal Mine lignite bed by Colton
(1962, p. 279, 280). It dips generally to the south-
Fort Kipp--The Fort Kipp lignite deposit, in east about 16 feet per mile, but ranges from f lat in
the southeastern part of the reservation, contaistsme areas to as much as 80 feet per mile in others.
two beds Figure 13. The upper or Fort Peck bedCoal thicknesses average 7.5 feet.
ranges in thickness from 3 to 9 feet and averages Assuming a 100-foot overburden limit, the No.
5.4 feet. The underlying Fort Kipp bed is 7 to 1Q bed underlies 18, 237 acres and contains 246
feet thick, and averages 8.5 feet. Intervening roakillion tons of lignite. Approximately 1,471
mainly claystone between the two coal bedsillion cubic yards of overburden cover the bed,
ranges in thickness from 7 to 49 feet with agiving an overburden-to-coal ratio of 6 cubic yards
average of 27. to 1 ton (Great Northern Railway Co., 1967,
The lignite beds dip about 80 feet per mileynpublished report). About 23 million tons of
generally northeasterly, as shown lBigure 14 lignite in the deposit are north of the reservation
Figure 15 andFigurel6. However, there are localboundary Figure 19.
variations in dip.
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A lower bed, the No. 2, is 2 feet thick in theoutcrop in secs. 21 and 22. The following bed
northern part of the deposit and thickens in theection was reported from the center of sec. 21, T.
south. In T. 32 N., R. 55 E. it is about 18 fee28 N., R. 53 E. (Smith, 1910, p. 47).
below the No. 1 bed and averages 5 feet thick. In

this township, an unnamed bed lies about 18 feet feeinch
below the No . 2 bed . Itranges from 1 to 4 feetin Roof, clay
thickness. An upper bed, also unnamed, overlies lignite 2 2
the No. 1 bed in the northern part of the area. clay 1
Although locally it may be as much as 6 feet thick, lignite 2 7
it is not persistent. Resources in these beds are  lignite, dirty 4
unknown. lignite 2 6
Total lignite 7 7

Medicine Lake-The Medicine Lake lignite
depositis mainlyin T. 32 N., R. 54 E., but extends
into secs . 35and 36, T. 33 N., R. 53 E., sec . 31, The A bed dips to the east about 100 feet per
T.33N.,R.53 E., and sec. 31, T. 33 N,, R. 54 kile. It underlies the area between its outcrop
(Figure 1landFigure 20. Itis probably an exten- eastward to the reservation boundary on Big
sion of the Reserve deposit, which is about folviuddy Creek (Smith, 1910, p. 47). The bed is
miles to the east. The thickest lignite bed, identgstimated to contain about 400 million tons.
fied as the Timber by Colton (1962, p. 280), Three additional lignite beds are in the
averages about 9 feet thick. The bed underlies Brockton-Culbertson area (Smith, 1910, p. 48). A
area of 3,740 acres and contains 58 million torasfoot bed of lignite lies about 15 feet above the A
under less than 110 feet of overburden (Ayler armbd. It has a I-foot clay parting near its top. Bed B
others, 1969, p. 60). is about 300 feet above bed A and is extremely

An additional bed in the area, called the localariable in thickness, ranging from 1 foot to 5-2
bed D by Colton (1962, p. 280), is about 3 fedeet in secs. 30 and 31, T. 28 N.,, R. 54 E. Bed C is
thick. He calculated the measured resources todigout 115 feet above bed B and only about 2 feet
294,000 tons and indicated resources to Ieick. The resources in these beds have not been
1,134,000 tons. estimated.

Lignite exposures have been reported in the

Other Deposits-Other lignite beds underlie theeastern part of the reservation on Smoke Creek and
southeastern part of the reservation in theauerkraut Coulee (Witkind, 1959, pl. 1). Scat-
Brockton-Culbertson area. The A bed, localljered occurrences are along the Poplar River and
known as the Big Dirty, is near the contact of th€ottonwood Creek in the central and northern part
Fort Union and the Hell Creek Formations. Thef the reservation, as well as north of the town of
bed crops out extensively in T. 28 N., R. 53 E., &&olf Creek (Smith, 1910, plll). Exposures are
shown inFigure 11 but has been burned along itdew, mainly because of the glacial till that mantles
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these areas. Estimate of resources in these bedsoimbustion. Special precautions must be observed

not possible at this time. when lignite is stored in piles for long periods. The
U.S. Bureau of Mines and the U.S. Army Corps of
Resources Engineers have developed a safe and stable storage

method (Ellman, 1963, p. 42-44), which is com-

The lignite resources of the major beds in th@only followed to provide emergency fuel supplies
Fort Kipp, Reserve, and Medicine Lake depositer industrial users.
total 617 million tons. Minor associated beds will
add to the resources. In the southeastern part of Mieing Methods
reservation the A bed contains an estimated 400
million tons. Substantial resources probably occur Underground Mining-A few small under-
in the Smoke Creek and Sauerkraut Coulee aregspund lignite mines on the reservation formerly
the extent of those in the central part of the resexupplied local markets. Production was limited;

vation are unknown. none were operating on the reservation in 1975
(Lawson, 1976, p. 41, 42).
Characteristics The Alton mine is in NE %4 sec. 20, T. 28 N.,

R. 54 E. Figure 1). A 10° slope was driven

The rank of the coal on the reservation ithrough siltstone to the 9-foot-thick Fort Kipp bed.
lignite A. Coal of this rank has a high moistur&koom and pillar mining method was usétig(re
content, heat contents range from 6,300 to 8,3@0). Because the depth of cover was only 25 feet,
Btu per pound on a mineral matter free basis, antany rooms have caved to the surface, forming
is nonagglomerating and noncoking. vertically-walled depressions as much as 30 feet

Analyses of lignite samples from drill cores aréong, 10 to 15 feet wide, and as much as 15 feet
listed in Table 19 They average 36.7 percentleep (Henkes and Magill, 1970, p. 10). About 6.8
moisture and 6,637 Btu per pound. Ash is low tacres have been disturbed by mining. Production
intermediate but sulfur varies widely, ranging fronfrom 1942 to 1952 when the mine was abandoned
0.32 percent to 2.28 percent. The high sulfuvas 32,037 tons (Henkes and Magill, 1970, p. 10).
content of a few samples is probably due to pyriteroduction prior to 1942 is not recorded.
An investigation of Montana lignites by the Bureau The Simons-Gilligan mines are in SE % sec.
of Mines also indicated large variations in sulful6, T. 28 N., R. 53 E.Fgure 1). The lignite,
percentages (Cooley and Ellman, 1975, p. 14probably the A bed, is 12 to 14 feet thick with
146). cover of 30 to 50 feet of clayey material and silt-

Lignite is tough and fibrous when freshlystone. Only 7 to 8 feet of the bed's thickness was
mined, but it tends to disintegrate or slack whemined. Mining terminated in 1941 and the portals
exposed to weather, particularly when alternatelyere reported caved in 1965 (Henkes and Maugill,
dampened and dried or exposed to heat. It hea®70, p. 11). The workings underlie about 1.35
when oxidized which can lead to spontaneowsres Figure 22.
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Other small underground lignite mines have Rehabilitation of mined land has received
been reported in the Brockton area, near Watfiuch attention in recent years. It includes topsoil
Creek, and in Coal Mine Coulee (Colton, 1962, pemoval, overburden leveling, topsoil replacement,
280). surface manipulation to trap rain and snow,

Underground mining of the reservation's ligniteevegetation, and possibly fertilizing and irrigation.
is unlikely in the foreseeable future because of thfe study by the National Academy of Sciences
high cost and difficult working conditions. (1974, p. 53) concluded that there "presently exists

technology for rehabilitating certain western sites

Surface Mining--Surface mining accounted forwith a high probability of success." These sites
54 percent of the U.S. coal production in 1975 andclude those with more than 10 inches of annual
is projected to account for approximatelyprecipitation. The annual precipitation on the
two-thirds by 1985 (Hunter, 1976, p. 56). Fiveeservation is about 13 inches and, therefore,
large active surface coal mines are in easteshould be sufficient for successful rehabilitation.
Montana. Production from them in 1975 waslowever, rehabilitation is essentially site specific
21,786 thousand tons, including 300 thousand toasd depends on many factors other than precipita-
of lignite. Production is expected to increase twon, such as soil compaosition, topography, vegeta-
41.0 million tons a year by 1980 and the number tbn, and projected land use. The average rehabili-
mines to nine (Glass, 1974, p. 19, 20). tation cost for three mines in eastern Montana,

The lignite in the Fort Kipp, Reserve, andaccording to a recent Bureau of Mines study, is
Medicine Lake deposits can be mined by surfaedout $3,560 per acre (Persse and others, 1976).
methods. Lignite has been mined from the Medi- Coal beds in Montana are commonly aquifers
cine Lake deposit at the Wolf Creek miiegure and are often used by farmers and ranchers as
11 andFigure 20. Total production from this sources of water. Surface mining may disrupt flow
small surface mine was between 13,000 and 15,008terns through these aquifers. Fortunately, the
tons. It has been closed since 1960 (Henkes amdount of disturbed land at any time will be small
Magill, 1970, p. 11). so that only local disruptions should occur. A

The reservation's flat-lying beds and subduestudy of aquifers disturbed by surface mining in
topography make area mining the most applicabs®utheastern Montana disclosed no indications of
method. At area surface mines, the topsoil edverse post-mining hydrologic conditions (Van
removed, usually by scraper-loaders. The overbWeast and Hedges, 1975, p. 30).
den is then drilled and broken by explosives, A recent study of the capital investment and
removed by draglines and/or power shovels, amgerating costs for surface coal mines in the North-
deposited in an adjacent cut where the coal has Great Plains indicates that the coal selling price
been previously removed. Next, the exposed cdalmarkedly sensitive to production rate and bed
is drilled and blasted, loaded by power shovels trickness Table 20. Based on this the lignite
front end loaders, and hauled to the shipping siteelling price from large surface mines on the

reservation would be on the order of $4.86 to $6.58
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per ton. Montana lignite sold for an average pridavorable competitive position enjoyed by the large
of $5.04 per ton in 1975. The lower selling pricesurface mines now operating in the Northern Great
of coal from mines in thicker beds (25 to 50 fee®lains.
are included imrable 20to show the relatively

TABLE 20
Estimated selling price for coal from surface mines in the Northern Great Plains.

Production Bed thickness Selling price
(million tons/year) (feet) (dollars/ton)
3.68 10 6.58
5.52 15 4.86
9.20 25 3.39
18.40 50 2.39

Source: Basic Estimated Capital Investment and Operating Costs for Coal Strip Mines, 1976, U.S. Bur. Mines,
IC 8703.

Markets Coal contracts for electrical power plants
specify limits on moisture, ash, and sulfur content;
Electrical Power Generatiorn 1975 electric penalties are assessed for exceeding specified
utilities consumed approximately 404 million tondimits. ~ Similarly, a minimum heat content is
or 72 percent of the total domestic supplgpecified. Ash and sulfur can usually be reduced
(Westerstrom, 1976, p. 40). Because electricahd the heat content increased by mechanical
power consumption is expected to increase 7cleaning.
percent per year, coal consumption will continue to In pulverized coal firing, ash fusion character-
rise (Bonneville Power Administration, 1973, pistics determine whether the ash can be removed
13). Thus, the electric utilities will be the mosfrom the furnace in either the liquid or dry form.
important market for reservation coal. For example, coal with an ash softening tempera-
Coal specifications for power plant use includare above 2,600°F cannot be used in cyclone
the usual properties, such as moisture, ash, sulffurnaces (Spicer and Leonard, 1968, p. 3-22). The
and heat content. Also of importance are tHfasion characteristics of the coal ash commonly
softening temperature, initial deformation temperatepend on the amount of bases and acids in the
ture, fluid temperature, and fouling characteristicgsh. These terms have a different meaning in
of the ash. These properties should be determinggtochemistry than in normal wet chemistry. In
in any future investigation of reservation coals. pyrochemistry, the bases are,Gg CaO, MgO,
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Na,O, K,O; the acids are SiDAL,0,, and TiQ.

An ash analysis of a lignite sample from the Fort
Kipp prospect, Fort Kipp bed SW % NE ¥4 sec. 9,
T.28 N., R. 54 E. is as follows (Burlington North-
ern, Inc., 1975, p. 197).

Ash analysis (percent of ash)

Loss on
ignition SiIO, ALO, Feo, TiO, RO, CaO MgO N&® KO SQ
1.0 224 13.5 13.0 0.3 03 124 6.1 1.6 06 219

Most modern power plants operate with steamtmosphere. To comply with this regulation, the
temperatures above 1,000°F. These high tempélignite must contain less than 0.44 percent sulfur,
tures occasionally cause a new type of foulingnd this assumes it averages 6,650 Btu/pound and
deposit to form on boiler tubes. The source dhat 10 percent of the sulfur remains in the ash
these deposits are some sodium and potassi(@@achar and Gilbert, 1968, p. 5-24). However,
compounds found in the coal, particularly theecent tests of lignite-burning power plants indi-
chlorides, which decompose in the flame, amated that about 10 to 40 percent of the sulfur
vaporized, and combine with SOThese alkali or remained in the ash; in one test the ash retained 73
alkali-iron sulfates then condense on the boilgrercent (Gronhovd and others, 1974, p. 102).
tubes. Coal ash containing 2 to 5 percent Na20 is A coal property that is important in pulverized
considered medium fouling for Western coaldjring is grindability, which is a composite physical
higher NgO contents may cause severe foulingroperty dependent on hardness, toughness,
(Winegartner and Ubbens, 1974, p. 6). Sonstrength, tenacity, and fracture. Grindability is
boiler manufacturers, recognizing that most of theommonly measured by the Hargrove grindability
alkali associated with fouling problems is in théest which is a standard test of the American
form of chlorides, evaluate fouling potential bySociety of Testing Materials.
analyzing the coal for chlorine. Chlorine content
above a critical value ranging from 0.3 to 0.5 Some trace elements in coal may be hazardous
percent can lead to fouling (Sondreal and othemshen emitted into the atmosphere in the form of
1968, p. 21). vapors or fine particles during combustion. These

The Environmental Protection Agency (EPA)nclude mercury, selenium, beryllium, cadmium,
requires that no more than 1.2 pounds of sulfarsenic, lead, antimony, thallium, vanadium,
dioxide per million Btu can be emitted into thechromium, manganese, nickel, and zinc (Davidson
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and others, 1974, p. 1107; Linton and others, 19%etween 1981 and 2006 in North Dakota and
p. 8523. delivered to Michigan is expected to average about
Semiquantitative analyses of ash from fou$3.00/Mcf (Mermer, 1975, p. 226). Another
lignite beds on the reservation are listed@ble estimate places the cost close to $4.00/Mcf
21 (Great Northern Railway Co., 1953-1955). (Hammond, 1976, p. 193). At the present time, a
synthetic natural gas industry appears likely to
Gasification--Natural gas has been one of theevelop in the United States only with the help of
cheapest and most convenient fossil fuels. Tkeme form of government subsidy.
heat content is high, and natural gas is virtually Much research is being directed toward the
nonpolluting. These attributes caused the codevelopment of new gasification technology.
sumption of natural gas to grow at a rate of 5Among second generation processes are the Hygas,
percent per year between 1947 and 1971 as coBi-gas, Cogas, Synthane, and the, @@ceptor
pared to 3.1 percent per year for total energyocess. The latter is of particular interest as it is
consumption. However, gas consumption declindxking developed to gasify lignite. Which processes
3 percent in 1974 and 7 percent in 1975, whileill be the most economical igaot be determined
proven reserves also continued to decling thistime. Each will reduce gas costs by approxi-
(Koelling, 1976, p. 109). By the year 2000, abouhately 10 to 15 percent over first generation
20 percent of the gas consumed could be synthgtiocesses (Elliott, 1975, p. 284).
natural gas from coal. This would require 300 Underground gasification may be applicable to
million tons of coal per year for about 57 plantsome of the deeper lignite beds on the reservation.
each producing 250 million cubic feet of gas perhe heat content of the gas is low, but it could be
day (Dupree and Corsentino, 1975, p. 42). Alised near the gasification site for electrical power
though no significant production is expected befogeneration and industrial uses or upgraded to the
1980, the synthetic natural gas industry could begaality of natural gas. An advantage is that a clean
future market for the reservation's coal. fuel would be produced. Also, underground
First generation gasification plants will probamining would be eliminated, along with its low
bly use proven foreign technology based on thgroductivity and health and safety problems;
Lurgi gasifier. Lignite is particularly suitable as asurface mining would also be eliminated along
feed stock because it is non-agglomerating amdth its environmental concerns. Waste disposal
highly reactive. Also, lignite from the reservatiorproblems would be eliminated because the ash
can easily meet the ash requirements (under ®@uld remain underground. However, techniques
percent) for gasification by the Lurgi process. that might insure uniform gas flow and quality
The cost of a first-generation, 250 millionhave not been well developed. There may be
cubic-feet-per-day gasification plant, which is theroblems with subsidence as well as contamination
minimum feasible size, is estimated to be mom@ groundwater. Nevertheless, underground gasifi-
than $1 billion (Winegartner, 1976, p. 58). Theation may offer a solution to the utilization of
cost of synthetic natural gas to be manufactursdme reservation lignite resources.
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Synthetic Liquid Fuels-There are no commer- Nevertheless, research continues on lignite lique-
cial synthetic liquid fuel plants in the Unitedfaction mainly because of the large inexpensive
States, and no significant production is anticipataffestern reserves. Several processes involve the
before 1985. However, by 2000, production idestructive distillation of lignite to produce char,
expected to reach 0.7 million barrels a day andr, oils, and gas. Important objectives are to
require 91 million tons of coal a year (Dupree anchaximize the liquid yield and develop ways of
Corsentino, 1975, p. 46). utilizing the byproduct char (Friedman and others,

Most coal liguefaction processes now bein$975, p. 217). Char can be burned in power plants,
developed in the United States are directed towagdsified, or used to make formed coke.
converting bituminous coal. Bituminous coal is Carbonization analyses of lignites from several
preferred over lignite because of its higher hydraleposits on the reservation are giverd able 22
gen-to-oxygen ratio. Also, large reserves of bituFhe oil yield would be significantly larger with the
minous coal are available in the Eastern Unitgarocesses now being developed.
States where there is great demand for liquid fuels.

TABLE 22
Carbonization Analyses of Lignite (percent, moisture-free coal) 500°C.

Medicine Lake deposit Reserve deposit
Fort Kipp deposit No. 1 bed, No. 1 bed,
Fort Peck FortKipp  Timber Coulee Coal Mine
Constituent  bed bed bed bed
Char 72.8 72.5 70.9 70.1
Water 8.7 8.0 9.9 9.4
Tar 6.0 6.1 5.2 6.5
Light ol 1.7 1.6 13 .8
Gas 10.9 11.5 11.7 12.4
H,S 3 .5 7 6

Source: Lignite Drilling Program Williston Basin, North Dakota and Montana, Report No. 1, 1953-1955,
Great Northern Railway Co. (now Burlington Northern, Inc.) Mineral Resources and Development Dept.

Metallurgical Uses:The short supply and highrently producing 300 tons of formed coke per day
cost of coking coal has stimulated interest ifrom noncoking coal for phosphorous production.
making artificial coke from noncoking coal. Iron may also be produced by direct reduction
Lignite or lignite char can be converted intausing char or semicoke made by the carbonization
formed coke which is used to fuel blast furnaces of lignite (Landers, 1965, p. 52). The limited
as a reducing agent in other metallurgical proeserves and escalating costs of oil and natural gas
cesses. A plant at Kemmerer, Wyoming, is cuhave led to investigations which use coal as an
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alternate fuel for indurating iron taconite pelletsvation immediately north of the Missouri River. A
Experiments at the Twin Cities Metallurgicaline east of the reservation runs north from Bain-
Center indicate that lignite would be suitableville to Plentywood. From here, the line, about 12
About 100 pounds of lignite would be required toniles north of the reservation, runs west.
produce each ton of pellets (Kaplan, 1975, p. 348). Unit trains consist of special purpose rail
haulage equipment specifically designed to trans-

Cement Manufactureln the past few years, port coal over long distances. They are loaded at
nearly all cement manufacturers have had to cotie mine site, travel over existing rail lines to
sider coal as a primary fuel. Many have acquirespecific destinations, are unloaded, and returned
coal reserves or signed long-term contracts threctly to the mine--all on a predetermined sched-
assure a reliable coal supply. ule. The significant economies achieved by unit

A temperature of 3,000°F must be maintainedain transportation over conventional rail transpor-
in a cement kiln (Landers, 1965, p. 55). Thittion are mainly the result of three principal
temperature cannot be obtained from raw lignitactors: design efficiency, equipment balance, and
because of its low heat content. However, the haatensive use (Glover and others, 1970, p. I). Unit
content, which must exceed 10,000 Btu/pound, cémrains are advantageous over other transportation
be increased sufficiently by drying lignite (Leonardystems because they use existing rail lines. Thus,
and McCurdy, 1968, p. 3-25; Landers, 1965, gapital costis relatively low and lead-time between

55). planning and full-scale operation is minimized.
A recent study lists the cost of moving coal in
Transportation a unit train as about 1.2 cents per ton-mile for 500

miles, 1.0 cents per ton-mile for 1,000 miles, and

Generak-Local-markets are limited and can0.9 cents per ton-mile for 1,500 miles (Wasp,
utilize only a small quantity of the reservation'd976, p. 29).
lignite. If large-scale mines are developed, the Transportation costs can be reduced by remov-
energy contained in the lignite will have to béng a substantial part of the lignite's moisture.
utilized in distant markets. The markets will b&xperiments at the Grand Forks Energy Research
supplied in two ways, by unit trains or slurryCenter showed that the moisture content could be
pipelines. Alternatively, the lignite could bereduced from 39 percent to 12 percent by a simple
converted near the mine to high-quality energyrying operation (Ellman and others, 1975, p. 322).
forms such as electrical power, gas, or liquid fuel&\nother advantage is that dried lignite has a higher
These, in turn, could be transported to distahkat content and is a superior product for power-
markets. plant utilization.

Unit trains--The reservation is provided with  Slurry Pipelines-Another method of transpor-
rail service by Burlington Northern, Inc. The maination to distant markets is by slurry pipeline. With
line passes through the southern part of the restis method, coal is crushed and ground extremely

BIA Administrative Report 28 (1977) 34



Status of Mineral Resource Information For The Fort Peck Indian Reservation, Northeastern Montana
M. R. Mudge, Michael Sokaski, D. D. Rice, and George Mclintyre

fine, water is added, and the resultant mixtufdine-Site Energy Conversion
pumped through pipelines. In Arizona 300 tons of
coal per hour are transported in an If the reservation's coal is to be converted to
18-inch-diameter pipeline 273 miles from a surfadeigh-quality energy forms such as electrical power,
mine to a powerplant. The coal is ground teynthetic natural gas, or liquid fuels at or near the
325-mesh and mixed with an equal weight of watenine site and transported to distant markets, one of
to form the slurry. the primary considerations will be an adequate

An advantage of pipelines is that they arevater supply. A base load 1,000 megawatt electri-
continuous transportation systems. Manpower agdl power plant will require 4.7 million tons of
energy requirements are low. They are safer ahghite per year (80 percent capacity factor, 6,650
more environmentally acceptable than unit trains Btu per pound lignite). The water requirements are
that there is no hazardous grade crossings, noiseestimated to be 12,000 to 15,000 acre-feet per year
dust. A disadvantage is the large water requird-a wet natural draft cooling tower is used (North-
ment--about 600 acre-feet per million tons oérn Great Plains Resources Program, 1975, p. 71).
coal--and the slurry must be dewatered beforeAtdry tower will require only 2,000 acre-feet per
can be used. year, but dry towers cost more than three times as

The cost of transporting 25 million tons of coainuch to build as natural draft wet towers
per year a distance of 1,000 miles is estimated @/oodson, 1971, p. 77). Thus, there is consider-
0.5 cents per ton-mile (Wasp, 1976, p. 29). Costble economic incentive to locate power plants at
increase sharply with both decreased volume ansiles where relatively large supplies of cooling
distance. Each initial slurry pipeline will require avater are available. Nevertheless, a power plantin
coal resource of about 750 million tons. Théhe 300 megawatt range with two dry cooling
known surface-minable resources on the resentawers is under construction at Wyodak, Wyoming.
tion are insufficient to support a large slurry pipe- The "best estimate” of the water requirements
line system, but additional exploration couldor a 250 Mscf per day coal gasification plant in
establish sufficient resources on the reservatitihe Northern Great Plains is 9,500 acre-feet per
and in adjacent areas. Also, feeder pipelines froyear (Northern Great Plains Resources Program,
smaller deposits may be practical if slurry pipelinesd75, p. 72). The water requirement of a coal
become a more established transportation methdiquefaction plant producing 100,000 bbl per day is
Pneumatic feeder pipelines have also been pi2b,000 acre-feet per year (U.S. Department of
posed (Rieber and others, 1975, p. IV-2). A recelmterior, 1975, p. 79). These estimates assume that
study indicated that about half of the coal exporteglet cooling towers are used; water requirements
from the Northern Great Plains will be transportedre reduced by approximately one-half with dry
via slurry pipelines and about half by unit trainsooling towers.
(U.S. Department of Interior, 1975, p. 305). Water for coal development in northeastern

Montana can probably be provided by the Missouri
River system without major storage facilities (U.S.
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Department of Interior, 1975, p. 308). Howevermrecent study of U.S. uranium resources indicated
water pipelines and aqueducts will be needethat little high-grade uranium ore remains to be
Even with extensive coal development in Montandjscovered (Lieberman, 1976, p. 431). Therefore,
mine-site electrical power generation is not exvestern lignite deposits have been suggested as a
pected to be large; most of the coal will be used fpossible future source of uranium. Uranium
synthetic natural gas conversion or exported (U.8ontent above 25 ppm (parts per million) will be
Department of Interior, 1975, p. 305). significant. It will be concentrated in the ash to

Mine-site conversion of lignite will generateabout 250 ppm. Other trace elements of interest,
large quantities of ash. Much research is beiwghich may be recovered from coal, are gallium,
directed toward utilizing ash by-products, espaermanium, selenium, tellurium, thallium, and
cially fly ash, from electrical generating plants. Flyanadium.
ash is used in cement manufacture, concrete
construction as an aggregate, concrete produdtknmetallic Mineral Resources
soil amendments, plant-growth stimulants, soil
stabilization, abrasives, lightweight aggregate, agéntonite
water purification, as well as a filler material in
tile, rubber, paint, putty, and asphalt (Quilici, 1973, Bentonite is a clay mineral used mainly in the
p. 5). Experiments at the University of Northmanufacture of iron (taconite) ore pellets, foundry
Dakota have demonstrated that excellent brick caands, and oil-well drilling mud. Numerous beds
be made from a mixture of 25 percent fly ash araf bentonite are in the Bearpaw Shale in the west-
75 percent clay (Manz, 1973, p. 205). A mixturern and southwestern part of the reservation
of fly ash, lime, and aggregate (called poz-o-pac)(€olton and Bateman, 1956; and Jensen and
used for road building in North Dakota. Becaus¥arnes, 1964). Some beds of bentonite and
of its high alkali content, lignite fly ash can be usebentonitic shale are in the Hell Creek Formation
in flue gas desulfurization units of power plantsouthwest of the area (C. A. Wolfbauer and D. D.
(Sondreal and Tufte, 1975, P- 65). Rice, written commun., 1976).

In 1975, 60 million tons of ash were produced, In the southwestern part of the reservation and
but only 16.4 percent were processed. With ttajoining Fort Peck area bentonite beds are com-
probable scarcity of large markets near the reservaen throughout all of the exposed Bearpaw Shale
tion, most of the ash will constitute a disposaxcept the upper 255 feet (Jensen and Varnes,
problem. Fortunately, it can be buried along with964, pl. 2), and the thickness of the beds is as

the spoil at surface mines. much as 18 inches. In the Charles M. Russell
Wildlife Refuge, Wolfbauer and Rice (1976)
Uranium record beds in the Bearpaw as much as 6 % feet

thick. They had 18 bentonite samples tested, all of
Coal commonly contains trace elements thathich were considered unsuitable for use as drill-
may be recovered in the future. For example,iag mud, but of good enough quality to be a binder
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for foundry sands and possibly taconite pellettion, the reservation's bentonite may supply these
The samples they obtained from the Hell Creek aexpanding markets.
not suitable for use in foundry sand. As noted by
Wolfbauer and Rice (1976) economical mining dalt
bentonite is dependent upon thin strippable over-
burden. The sedimentary rocks on the reservation

A small amount of bentonite has been minecbntain substantial quantities of salt (NaCl). A
near Brockton in S %2 NE ¥4 SW %4 sec. 21, T. 28posit ranging from 0 to 180 feet thick underlies
N., R. 53 E. (Henkes and Magill, 1970, p. 31). Thiae reservation in Mississippian rocks at a depth
deposit is about 2 feet thick. Some test resultanging from about 5,000 to 8,000 feleigure 23
[sample FP-65-20Table 23 indicate that the (Great Northern Railway Co., 1959).
properties approach those of commercial bentonite Salt also occurs in the underlying Devonian
(Henkes and Magill, 1970, p. 31). strata Figure 24. The thickness of this deposit is

Other bentonite deposits were reported in theore than 200 feet in the northeastern part of the
Medicine Lake area in SE % sec. 9, T. 32 N., R. Bdservation. Its depth is about 10,000 feet. Addi-
E., and SW % sec. 10, T. 32 N., R. 54 E. (Henk#éisnal salt deposits may be present in rocks of
and Magill, 1970, p. 31). Test results of a sampleiassic and Permian age (Great Northern Railway
from the firstlocation [sample FP-65-T&ble 23 Co., 1965, p. 2).
indicate that it is of lower quality than the benton- The widespread occurrence of more accessible
ite in the Brockton area, but should be suitable aalt deposits elsewhere make those on the reserva-
a ditch or pond sealant (Henkes and Magill, 1970¢n of little economic interest at this time.
p. 31).

The resources in these deposits are unknovwRetash
Additional deposits may be present in the Bearpaw
shale which is found over much of the reservation. The thick salt deposit of Devonian age that

In 1975, bentonite production in the U.S. wasnderlies the reservation contains as many as three
about 3.2 million dry tons per year and is expectgbtash beds ranging in thickness from | to 7 feet
to reach 6.5 million dry tons per year by 200QFigure 25.
(Auer, 1976, p. 29). Most of this projected in- Solution mining has been suggested as the best
crease will result from more oil and gas welinethod for developing these potash beds. The
drilling and major expansions in the taconiténherently high temperatures at the depth of these
industry. The former will continue to usebeds should reduce evaporation costs. In addition,
high-grade sodium bentonite, but the latter e availability of adequate water supplies and low
expected to use more abundant and lower qualitgst energy in the form of lignite will be advanta-
calcium bentonite. Bentonite is also used as a fegelous (Great Northern Railway Co., 1965, p. 17,
supplement for livestock and as a sealant for pon2$). A thin bed of potash, similar to those on the
and reservoirs. Because of the increased consurrgservation, has been mined experimentally in the
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Carlsbad Basin, New Mexico; the experiment wdakes are saline, which does not necessarily indi-
considered successful in both a technical amdte the presence of a sodium sulfate. In general
practical sense (Davis and Shock, 1970, p. 9@he deposits are within undrained depressions of
Successful solution mining of potash on a commaenhich the walls and floors commonly consist of till
cial scale in south-central Saskatchewan, Cana@@/itkind, 1959, p. 71). Witkind (1959, p. 73)
by Kalium Chemicals, Ltd., a subsidiary of PPGuggested that the deposits in this region were
Industries, Inc., has been reported, but the detdiiealized along channels that formed marginal to
have not been disclosed (Husband, 1971, p. 14he ice front and the renewed advance of the glacier
142). In July 1976, Kalium Chemicals, Ltd. drilledoartly or completely buried the channel with till; it
an exploration hole in Bottoneau County, Nortthus became a buried valley with surface depres-
Dakota. The potash beds intersected in this ham®ns.
are an extension of the same ones that underlie theIn the reservation there are numerous types of
reservation. glacial lakes and pondg-iQure 2§. The areas

U.S. production of potash has been about 2shown as many small pond deposits are mostly
million tons (K,0 equivalent) per year for the pastlepressions as much as half a mile across in the till
decade. The potash resources on the reservaguain (Colton, 1955). Most larger pond deposits
are likely to be developed only when demanshown onFigure 26are in ice-marginal and out-
increases and an economical solution-miningash channels (Colton, 1955, 1962, 1963a-j,

method is developed. 1964a; Witkind, 1959; and Jensen and Varnes,
1964).
Sodium Sulfate Lake deposits in depressions above buried

channels are in the area northwest of Wolf Point

Hydrous sodium sulfate is known as Glauber{€olton, 1955, 1963e), north and northeast of
salt and used principally in pulp and paper indust@helsea (Colton, 1963b), south of Sargent Creek
in manufacture of kraft paper; it is also used ifColton, 1963g), west of the upper reaches of
container and plate industries, in curing hides, @moke Creek (Colton, 1964), northwest of Poplar
the dye and coal tar industry, in stock feeds, (€Colton, 1963f), east of Wolf Creek, and west of
medical and chemical industries, in rayon ankledicine Lake (Colton, 1963). The lakes are
textiles, and in the metallurgical industry. small; most are less than 100 acres.

The salt occurs as crusts, as crystals intermixed The potential for deposits of hydrous sodium
with mud, and as massive beds in certain intermgulfate in the reservation has not been established.
tent lakes. Lakes known to contain hydrous s®&rush Lake, about 15 miles east of the reservation,
dium sulfate are just east of the reservation is the nearest lake described by Witkind (1959, p.
eastern Sheridan County and further east in Noi®8) that contains sodium sulfate. The deposits in
Dakota (Grossman, 1949; Binyon, 1951, 195Nlontana have not been considered economically
Sahinen, 1956; and Witkind, 1952 and 1959)mportant because of their remote locations and
According to Witkind (1959, p. 64) many of thesmall sizes (Weisman and Tandy, 1975, p. 1086).
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However, the large price increase from $23.99/ton The shale samples from the Bearpaw Shale are
in 1974 to $45.20/ton in 1975 could stimulateot suitable for use in making brick or ceramic
interest in these smaller and more remote depogi®ducts.

(Klingman, 1976, p. 158). Expandable clay or shale for use as lightweight
aggregate is present in the Bearpaw Shale in and
Clay and Shale near the reservation. The presence of admixed

bentonite in the shales is a key indicator of their

Large deposits of clay and shale are in and nesaritability as use for lightweight aggregate
the reservation, but present data are inadequaté$ahinen, 1957). Two samples of bentonitic
determine their suitability for various manufacturelay-shale (samples 203 and 204) appear to be
ing uses, such as lightweight aggregate, commeaitable for use as lightweight aggregate.
and facing brick, tile, pottery, and other stoneware. Southwest of the reservation in the Charles M.
Most clay and shale deposits in eastern MontaRaussell Fish and Wildlife Refuge, 19 samples from
have a low kaolinitic clay content and are rarelghe Bearpaw Shale and one sample of glacial till
well suited for manufacture of heavy ceramigvere tested by Wolfbauer and Rice (1976). Only
wares such as brick, tile and pottery (Knechtel aridur of the shale samples were not suitable for
Weis, 1965). lightweight aggregates.

Some beds of clay shale in the Fort Union Very little testing of the clay deposits on the
Formation in Montana, however, have been foundservation has been done. No deposit has been
suitable for use in manufacturing common anidentified as a source of material suitable for the
facing bricks, tile, and pottery. Many clay depositsmanufacture of ceramic products such as structural
in Daniels and Sheridan Counties, north of thend face brick, drain tile, vitrified pipe, quarry tile,
reservation, have been sampled and tested fhye tile, conduit, pottery, stoneware, and roofing
Sahinen, Smith, and Lawson (1960); their locatiaile. The reservation should be explored for clay
and ceramic properties are showmable 24and deposits and samples tested for plasticity, green
Table 25 Samples 186, 203, and 204 are from trerength, dry strength, drying and firing shrinkage,
Bearpaw Shale, and the latter two are from thatrification range, and fired color.
southern part of the reservation. The rest of the
samples are from the Fort Union Formation, north
and northeast of the reservation. The same stré8and and Gravel
however, should occur in the northern part of the
reservation. Deposits of sand and gravel are widespread in

Almost all samples from the Fort Union argéhe reservation (Colton, 1964Fi¢ure 273 and
suitable for use in making common brick and sonrange in age from Tertiary to Recent. Most depos-
of them are suitable for use in various types af are unsuitable for use as concrete aggregate as
ceramic products. they commonly contain quartzite, chert and agate

pebbles.
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The largest and most extensive deposit of samthes across, and silt and fine- to medium-grained
and gravel comprises the Flaxville Formatiorsand with intercalated clay lenses in the upper part
which covers vast areas in the north central aiidensen and Varnes, 1964; and Colton, 1955). The
northwestern parts of the reservation (Colton arteposits are commonly overlain by till.
Bateman, 1956). Overburden is absent on the The Plentywood Formation occurs along the
depositin the driftless area except south of Cottonest side of Big Muddy Creek (Colton, 1962). It
wood Creek where dune sand (as much as 12 fesestommonly more than 20 feet thick and may be as
thick) mantles the gravel (Colton, 1964). In gemmuch as 125 feet thick. Mechanical analyses of
eral the Flaxville is well stratified and well sortedrepresentative samples of the deposits show them
consisting of about 5 percent silt, 35 percent sartd, consist of 6 percent silt, 23 percent sand, 12
60 percent pebbles, and a few cobbles (Colton apércent granules, and 59 percent pebbles or larger
Bateman, 1956). It is mostly between 30 and §Colton, 1962, p. 266). The pebbles are mostly
feet thick. However, Colton (1964) suggested thaarbonate and quartzite (Colton, 1962, p. 265).
individual prospects should be drilled first torhe gravel has been used for road metal and
determine the quality and quantity of sand angtovides a good foundation material. The volume
gravel because some parts of the formation aséthe depositinsecs. 1,11,and 12, T. 32 N., R. 55
mostly clay and sand. E., which covers about 1 squande and is at least

The Flaxville is a vast resource of sand an80 feet thick, is about 30,976,000 cubic yards
gravel in the reservation where-it covers about 7§CQolton, 1962, p. 283).
square miles (Colton in Jensen and Varnes, 1964). Glacial outwash deposits are common on
In the Wolf Creek area Colton (1955) noted thaerraces along some of the larger tributaries of the
the largest remnant of the Flaxville plain isvissouri River and in meltwater channels in and
about-40 feet thick and covers about 3 squamearginal to the till-covered areas (Colton, 1955,
miles. He estimated the reserve of the depositE62, 1963a-j; Jensen and Varnes, 1964; and
about 25,000,000 cubic yards of sand and gravalitkind, 1959). They have been local sources for

Wiota gravel deposits are common along th®ad metal in the southern and eastern parts of the
southern and southeastern margins of the reserveservation figure 23. The deposits are com-
tion (Figure 27. The gravel deposits are preglacianonly linear and of narrow width. An example is
and are commonly on benches along the Missoumi the northeast part of the reservation where
River and lower reaches of Big Muddy Creek. Th€olton (1962, p. 263) records them as much as 50
Wiota gravel deposits are at altitudes ranging frofeet thick, commonly less than 100 feet wide, and
2,550 to 2,000 feet (Colton, 1955; and Jenseas much as 5 miles long. They overly till and
1952b). Some of them have been sources for roa@mmonly are overlain by alluvial, colluvial, and
metal and aggregate from numerous pits along U&blian deposits. The outwash deposits consist of
highway 2 Figure 23. The deposits commonly sandy gravel and silt with pebbles of quartzite,
contain poorly sorted sand and gravel and sandrbonate, and granite. The estimated reserve of a
lenses in the lower part with pebbles as much asarge body of outwash gravel in secs. 16, 17, 20,
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21,28,and 34 of T. 28 N., R. 44 E., and sec. 3, flne-grained sand and less than 10 percent silt
27 N.,R. 44 E. is 5 million cubic yards (Jensen ar{€olton, 1962, p. 270) and are as much as 20 feet
Varnes, 1964, p. 36). thick (Colton, 1955; and 1963a, b, c, f, h, i, ;).
Eskers and kames contain deposits of sand and Extensive industrial development in eastern
gravel that have been used locally in the reservstontana, resulting from the availability of vast
tion as road metaF{gure 273. Esker deposits areenergy resources, could create a strong demand for
sinuous ridges of poorly sorted stratified sand amolcal sand and gravel for road building and con-
gravel as much as 60 feet thick; they contastruction. An ideal deposit should be free of clay,
boulders as much as 2 feet across (Coltosijt, and organic material and contaihoat 60
1963a-j). Colton (1955) describes the deposits percent gravel and 40 percent sand (Goldman,
the Wolf Creek area as 1 ¥4 miles long, 100 fe@®75, p. 1037).
wide, and about 15 feet high. An esker deposit in Testing procedures to determine the quality of
the eastern part of the area is about 20 feet highnd and gravel have been devised by the Amer-
and about one mile long (Witkind, 1959, p. 49). ican Society for Testing Materials. Principal tests
Kame deposits contain rudely stratified andre for toughness, abrasion resistance, soundness,
poorly sorted sand and gravel, about 100 feet thiaksganic content, grading, specific gravity, absorp-
with boulders as much as 2 feet across (Coltoimgn, thermal incompatibility, and alkali-aggregate
1963a-j). In the Wolf Creek area there are mamgactivity. The latter is of particular interest be-
low gravel hills, each about 30 feet high, coveringause aggregates with a high silica content, such as
nearly 100 acres (Colton, 1955). Kame depositsquartzites and chalcedony, react with alkalies in
the eastern part of the area are 30 to 50 feet higtrtland cement to form an alkali-silica gel. This
(Witkind, 1959, p. 48). reaction causes expansion, cracking, and deteriora-
Alluvium, consisting of gravel, fine sand,tion of concrete. Sand and gravel from the Wiota
sandy silt, silty sand, and clay, is in the valley ajravel and Flaxville Formation are composed
the Missouri River and its tributarieSigure 23. almost entirely of quartzite and chalcedony in some
The deposits are as much as 150 feet thick aloageas (Colton, 1962, pl. 37). The composition of
the Missouri River. Elsewhere the thickness of treeream and outwash deposits may be similar.
alluvium ranges from a thin veneer to as much &%ethods for controlling alkali-silica reactivity
100 feet. The problem of removing the overlyingnclude the use of portland cement with less than
fine-grained sediment limits their use (Jensen afd6 percent total alkali, adding reactive materials
Varnes, 1964, P- 39). such as diatomite or fly ash (Dunn, 1975, p. 100).
Eolian deposits as dune sand are present in the The average at-plant price of sand and gravel in
area north of Poplar, north and east of Brockto©975 was $1.50/ton (Pajalich, 1976, p. 146). The
south of Cottonwood Creek, northeast of Tulaverage price at major distribution points is ap-
Creek, northeast of the upper reaches of littfgoximately double the at-plant price (Dunn, 1975,
Porcupine Creek, and locally west of Big Muddy. 101). Sand and gravel sources are characteristi-
Creek. The deposits consist mostly of medium tally located close to markets to minimize trans-
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portation costs. Prices are increasing becausesdiceous raw material. For example, Colton (1962,
rising land values, antipollution and rehabilitatiom. 259) reported that the cobbles and pebbles of the
requirements, local zoning regulations, and, Wiota gravel in the Otter Creek area contain 99.5
some areas, severance taxes. These factors @@eent quartzite, amorphous silica and crypto-
tending to increase the distance between souraggstalline silica. The crushed cobbles and pebbles
and markets. Therefore, resources on the reseraa-well as natural sand may be suitable as a refrac-
tion eventually could be utilized in distant marketdory sand or a filter medium. They may also be
However, annual growth of the sand and gravakeful as a raw material for flint glass and chemical
industry is projected to be only 3.9 to 4.7 percemtanufacture; impurity limits are givenTable 26
for the balance of this century (Goldman, 1975, pMurphy, 1975, p. 1045). The well-rounded cob-
1040). Consequently, large-scale utilization of theles and pebbles may be satisfactory as a medium
reservation's resources in distant markets is uior grinding ceramic clay in tube mills; a very low
likely in the near future. iron content is a necessary requirement.

Silica

The high silica content of many of the gravel
deposits on the reservation suggests their use as a

TABLE 26
Maximum Allowable Impurity Contend in Sillica Sand Used for Flint Glass and Chemical Manufac-
ture.

Impurity Maximum content (percent)
Iron 0.015-0.030

0.05-0.15 for amber glass
Alumina 0.20
Calcium and Magnesium Oxides 0.05 for glass

0.15 for chemical use
Alkalies 0.01
Cobalt None
Chromium None
Copper None

Source: Industrial Minerals and Rocks, 4th ed., p. 1045.
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Clinker Leonardite

Clinker, as used here, is baked and fused roof Leonardite, a naturally occurring oxidation
of a burned coal bed and some of it is vitrified angroduct of lignite, may occur on the reservation. It
in part bricklike; commonly it is red. The thick-is soft and earthy with a lower heat content than
ness of rock affected by burning partly depends dignite.
the thickness of lignite consumed, and the propor- Leonardite is added to drilling mud to stabilize
tion of easily altered shale above the lignite bethe suspensions and to regulate consistency for
Thick clinker beds commonly reflect thick lignitepumping and removing the cuttings. Also, it is
beds. Clinker is used mostly as road metal amdlded directly to soils as a conditioner. Humic
railroad ballast and locally as roofing granules araitids can be chemically extracted from leonardite
walkways. In the reservation clinker is present ias well as lignite and added to soil to improve its
secs. 21 and 22, T. 28 N., R. 53 E., in the uppéexture and tilth. They also help mobilize and
reaches of Smoke Creek, locally on the west anelease nutrients otherwise unavailable to plants
east sides of Wolf Creek, and along Otter Cre€Rbbott, 1963, p. 86). Experiments at the Grand
(Smith, 1910). The fact that clinker beds arBorks Coal Research Laboratory, U.S. Bureau of
extensive else where in eastern Montana aMines, showed that humic acids were beneficial to
Wyoming plus the lack of local markets restrictplant growth (Cooley and others, 1970, p. 164).
their economic development.

Montan Wax
Riprap
Montan wax is a natural mineral wax which
Glacial boulders constitute the only material ican be extracted from some lignites. The processed
the area suitable for riprap. In extensive cultivateaglax varies from white to nearly dark brown in
areas, boulders have been piled near, sectiooior and has a melting point of 170 to 200°F. Its
corners (Witkind, 1959, p. 75; Colton, 1962, puses are in electrical insulation materials, paints,
282). Piles of boulders are present in many placesod fillers, shoe polishes, floor waxes, rubber
northwest of Poplar, north of Oswego, and northmixtures, high-grade candles, impregnations and
west of Brockton (Colton, 1964). The bouldewaterproofings, leather dressings, inks, carbon
piles in the northeastern part of the reservatiggapers, protective coatings, greases, phonograph
range from 2 to 40 cubic yards, they consist @écords, and (investment) castings (California
limestone, dolomite and a variety of igneous aridivision of Mines and Geology, 1976, p. 202;
metamorphic rocks (Colton, 1962). The bouldeBostwick, 1975, p. 471). Some lignites may
are as much as 10 feet across; they average abmaritain as much as 20 percent wax (Ladoo, 1920,
2 feet (Witkind, 1959, p. 57). p. 6). A minimum wax content of 10 percent has
been reported necessary for a lignite to be an
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economical source (California Division of Mines RECOMMENDATIONS FOR FURTHER
and Geology, 1976, p. 202). WORK

Before World War Il, montan wax was im-
ported into the United States from Germany and 1. Large areas of the Fort Peck Indian Reserva-
Czechoslovakia. Since 1948, a plant at longpn remain untested by drilling and several oll
California, which extracts it from local lignite, hadields with reserves of one to three million barrels
supplied all national needs. of oil may be undiscovered at this time. In addi-
tion, shallow gas accumulations in the Poplar field
area may be larger than indicated with potential
SOCIAL EFFECTS FROM RESOURCE commercial production in the future.
DEVELOPMENT Future exploration should be directed toward
two types of studies. First, thermal maturation and
Development of the reservation's lignite resource rock studies should be utilized to learn at
sources by surface mining would provide jobs anglhat specific subsurface intervals liquid hydrocar-
incomes for local residents. A mine with an annuéllons were generated and to identify organic-rich
production of 9.2 million tons would require 213ource beds within these horizons. In addition,
employees (Katell and others, 1976a, p. 28Jiscovered oils should be separated into genetic
Mining and shipment of the lignite to distantypes and related to specific source sequences.
markets probably would not seriously disrupt th&hen, vertical and horizontal migration pathways
lifestyles of the residents. The social effects due tan be mapped and related to reservoirs and traps.
development of the other mineral resources would Second, detailed stratigraphy of all systems
be similar. with emphasis on reservoirs in mature horizons
The development of an energy park or largehould be done to locate potential stratigraphic
coal-oil-gas (COG) complex on or near the reseraps such as subtle facies changes or porosity and
vation could have far-reaching social impacts. Theermeability changes. Attention should be paid to
construction of a COG complex has been proposkdw these changes may be related to paleo-
immediately west of the reservation near Glasgowovement along basement lineaments. This study
Montana (Corsentino, 1976, p. 94). About 5 to 26hould include the examination of all available
percent of the capital invested in an energy devetlell logs, core, and dig cuttings. Sophisticated
opment is required for local services (Gilmoreseismic data can also greatly aid in these studies.
1976, p. 538). Zoning and land use planning is A program of geologic mapping and drilling is
necessary to shape community developmemécommended for the area containing the Fort
Residents must be trained for the new jobs. Neunion Formation figure 4 as a means of estab-
housing, schools, sanitation services, roads, shdighing the continuity and correlation of lignite
ping facilities, etc. must be provided. beds in the reservation, of determining lignite
guality, and of refining resource evaluations ac-
cording to depth, bed thickness, location, and
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lignite constituents including ash and sulfurand their areal extent should be determined prior to
Surface mapping is recommended at a scale rafning.
1:24,000, where information on the lignite beds
from any source is lacking. Drilling to depths of 5. An exploration program to establish the
200-500 or more feet should accompany mappimgservation's bentonite resources is needed. Repre-
to aid in correlation of individual lignite beds andsentative samples should be collected and tested to
to give information on bed thickness and overbudetermine their quality.
den characteristics. Laboratory analyses will be The clay and shale resources on the reservation
required to determine lignite quality. The datahould be evaluated to determine their extent and
should identify potential sites for mining. suitability for commercial uses such as in structural
The data obtained in the lignite study willceramic products and expanded aggregate.
provide critical information for developing other
resources. Systematic mapping and drill hole data
should provide information on deposits of sand,
gravel, and clay, water-bearing horizons, and
should provide pertinent data on structure features
that might have a bearing on the accumulation of
oil and gas.

2. Surface mining is the most practical method
for large-scale development of the reservation's
lignite resources. The surface mining potential of
some specific areas has been determined, but
should be evaluated for the remaining geologically
favorable areas. Topographic mapping on a scale
of 1:24,000 would be helpful.

3. Present or possible future uses will dictate
the requirements for rehabilitating surface mined
land. Baseline studies are needed to establish these
requirements. Farm and range potential should be
determined. The plant-animal ecosystem of all
prospective mine areas should be studied.

4. Surface mining with its disturbances of
shallow aquifers may cause local disruptions in
water supplies. The impact of these disruptions
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Table 2.--Correlation chart for Fort Peck Indian Reservation showing producing intervals (0il-0; gas-G).

Thicknesses generallzed for East Poplar field from Colton and Bateman (1956) and Powell (1955)
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Table 16--Crude oil refined in Montana in 1975, barrels

Big West Continental Exxon Farmers Phillips Tesoro Westco Totals by
Field 0il Co. 0il Co. Company Union Petr. Co. Petr. Co. Ref. Co. fields
Big Wall 70, bk ' 70,441
Cat Creek 29, 465 100, 537 | 130,002
Cut Bank 205,574 1,256,401 1,168,132 2,630,107
Devil's Basin 1,207 81 ' ' 1,288
Elk Basin 489,977 369,655 357,331 1,216,963
Flat Coulee . ‘ ' 123,777 123,777
Fred & George ' '

Creek Lo8,564 ‘ ~ 408,564
lvanhoe 34,125 ; F 34,125
Key Coulee ' 90,922 21,827 21,497 . 134,246
Kelley A L4, 081 : | 44,081
Kevin- :

Sun Burst 563,851 - 563,851
Lodge Grass 7,401 , | 7,401
Mason Lake | 5,753 | 5,753
Melstone ‘ ‘ 16,517 16,517
Pondera . 247,670 ' 247,670
Ragged Point 200,935 200,935
Rosebud 142,994 142,994
Richey SW ‘ 18,120 18,120
Snyder 6,082 | | 6,082

Continued



Table 16.——Cfude oil refined in Montana in 1975, barrels--Continued

Big West Continental Exxon Farmers Phillips Tesoro Westco Totals by
Field 0il Co. 0il Co. Company Union Petr. Co. Petr. Co. ‘Ref. Co. fields
Sumatra-

Stensvad 623,523 428,258 920,879 1,972,660
Tule Creek &

Others 472,479 472,479
Whitlash 220,425 220,425
Winnett

Junction v 49,117 49,117
Wolf Springs 15,323 15,323
Volt 196,025 196,025
Total Montana

0il 1,177,989 1,702,825 879,225 1,465,878 1,724,496 686,624 1,291,909 8,928,946
Canadian Oitl

Imported 31,335 8,960,007 5,605,841 4,339,467 433,060 3,518 19,373,228
Wyoming Oil

Imported 5,808,714 8,614,936 5,372,711 19,796,361
Total Montana,

Canadian &

Wyoming Of1 1,209,324 16,471,546 15,100,002 11,178,056 2,157,556 690,142 _ 1,291,909 48,098,535

Source: Department of Natural Resources and Conservation of the State of Montana, 0il and Gas Conservation Division,
Annual Review 1975, p. 5.
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Table 17.--Summary of lignite reserxrves in the northeastern part of the Fort Peck Indian Reservation

From Colton (1962, p. 281)

_*In Fort Peck Indian Reservation

Reserves, {n acres Acre-fest 8hort tons
Average
Bed and township thickness
Measured | Indicated | Inferred % be;! Measured | Indicated Inferred | Measured | Indicated | Inferred
et
Richardson ug:m bed:
T.38 N, R. 88 E (- 7 R 6 4,500 | ceemnneaeeciaaoeaoe] 8,032,800 fecaveaonnaos
T.34N,R. 6 E 4,414 7,088 301 1] 26, 484 74,193,
T.4N,R.ME 153 1,685 11,133 [ 9i8 12, 127, 500
T.33N,,R.88E 8 1,38 , 172 8 38 14, 400, 000
Coal Mine lignite bed:
T.33N,R.88E 70 227 feeemeaccannn 3 210 1,841, 750
T.32N,R. 8 E ceou .- 1,204 | 1 % O R 4 4,818 10, 731, 000
Timber Coulos lignite bed:
* T.2N,R.M4E . 1,147 LOI7 | ] 10,323 17,253 fonemeennnns 18,065,250 | 30,102,750 }.eoueceune..
Local bed 4
E 3 T 32N, R BE B aiaicaaanen, m 2,880 [..iemnnen.s 3 2,361 8,858 {.cimnnannnn 4,184,250 | 15,151,500 §.ccuocuan..
Local bed K:
K T BN, RME. . ieieaaannnes 203 208 foeoeiemnnnn. 2.8 508 11 73 004,000 | 1,004,500 {.eeennne....
* TN, R B E. e 3 O PO PO, 2.8 B8 Jourevcncunncfoconroocanas 102,800 |.cnencreoacifoonacncennen
Local bed D:
¥ T.N,RHME - 56 216 |eeeeoeaes 3 168 648 [ooooeel 204,000 | 1,134,000
Local bed M:
T.34N, R ME._ eee 268 foeeenanao.l aaee 3 88 feeeacecnce]aeann 1,386,500 |.cevceereone.
Local bed P;
TR S | I b N 320 384 | e 3 960 1,062 [oeeueennnaen 1,680,000 | 1,857, 500
Local bed }?, .
'll‘.ba:d‘i.:B.GSE 683 228 Jemeecccnnen 3.3 2,254 (£} 20 O 3,834,500 | 1,300,25%
. T.3N,B.BE e 100 328 | eeeeaaee 3 300 |7 ) T 525,000 { 1,732,000 |-veccneaenns
Local bed U
T.3N,R. S E 354 [~ + I 3 1,062 1,800 |ocrecncuaanas 1,858,800 | 3,307,500 {-ecnamcan-..
T.4N,R.68E JRO [ T R, [ JE PO )1t 2% U PPN 336,000 {-eeccacannen
Local bed V:
T.UN,R.BE 212 370 [-eeommcacnan 6 1,272 2,220 |oeeecenens 2,126,000 | 3,885,000 |-creeeeounn

Total of all lignite reserves regardless of
thickn

ess
QGrand total of all reserves. ... .. coceu..

142, 863, 000
415, 755, 550
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Table 18--Resources and overburden ratios, Fort Kipp lignite deposit.

Overburden thickness above 0-25 25-50 50-75 75-100 100~125 125-150 150-175 175-200
Fort Kipp bed, feet

Resources in Fort Peck bed, 0 17,613 26,556 19,782 17,750 12,396 8,789 4,872
tons x 1,000

Resources in Fort Kipp bed, 25,367 37,254 42,006 21,290 28,077 19,607 13,902 7,707
tons x 1,000

Overburden ratio, yds. 1.35 2. 46 3.79 5.45 7.11 8.77 10.43 12.44
per ton lignite

CUMULATIVE DATA

Maximum overburden above 25 50 75 100 125 150 175 200
Fort Kipp bed, feet

Resources in Fort Peck and 25,367 80,233 148,796 199,868 245,694 277,697 300,389 312,968
Fort Kipp beds,
tons x 1,000

Overburden ratio, Cu. yds. 1.35 2.11 2.88 3.54 L. 21 4.73 5.16 5.44
per ton lignite

Source: The Fort Kipp lignite deposit, northeastern Montana, Great Northern Railway Co. (now Burlington Northern,
Inc.) Report No. 26
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Table 19--Analyses of lignite from the Fort Peck Indian_Reservation, Montana.

Proximate analyses, percent Heat Ash
Volatile Fixed Ultimate analyses, percent content softening
Deposit Bed Location Moisture matter  Carbon Ash Sulfur Hydrogen Carbon Nitrogen Oxygen (BTU/1b) temp. (Fo)
Fort Kipp Fort Peck Center, SWZ NEZ 36.5 24,8 30.9 7.7 0.44 6.7 40.6 0.7 43.8 6,750 2,160
Sec. 25, T. 28 N., '
R. 54 E.
Fort Kipp Fort Peck SWL NEZ Sec. 9, 33.2 24.6 28.1 14.0 .60 6.3 38.1 .6 4o.4 6,360 2,210
T. 28 N., R. 5k E.
Fort Kipp Fort Peck NEZ NE& Sec. 20, 35.9 27.5 30.4 6.2 .32 - l/ -- - - 7,143 2,548
T. 28 N., R. 54 E.
Fort Kipp Fort Kipp SWi NEZ, Sec. 9, 34,5 25.3 29.9 10.3 1.10 6.5 39.9 7 1.5 6,640 2,130
T. 28 N., R. 54 E,
Fort Kipp Fort Kipp NEZ NEZ Sec. 20, 37.1 27.0 30.6 5.3 .25 -- -- -- -~ 6,970 2,481
T. 28 N., R. 5h E.
Reserve | NW Corner Sec. 14, 34.5 26.5 25.0 14.0 2.28 -~ - -- -- 6,343 2,149
T. 33 N., R. 54 E.
Reserve 2 NW Corner Sec. 14, 42.5 23.6 25.2 8.8 .78 - - -~ -~ 6,007 2,118
T. 33 N., R. 54 E.
Reserve 1 Center Ni W Line 38.5 24.8 29.0 7.6 b2 - -- - - 6,599 2,245
Sec. 19, T. 33 N.,
R. 55 E.
Medicine i NW Corner NE 37.0 26.3 29.5 7.2 .98 - -- -- =- 6,870 2,418
Lake Sec. 9, T. 32 N., )
R. 54 E.
Medicine 1 Center Sec. 23, ‘37.h 26.3 28.5 7.7 .68" -~ .- -- -- 6,692 2,360
Lake T. 32 N., R. 5k E.
AVERAGE
Fort Peck Indian Reservation 36.7 - 25.7 28.7 8.9 .79 6.5 39.5 .7 hi.9 6,637 2,282
Montana lignites 2/ 34,0 26.2 30.8 8.9 1.07 6.3 43.4 .7 4o.0 6,829 2,330

1/ Analyses not available.

2/

Source:

U.S. Bureau of Mines Report of Investigation 7158.

The Fort Kipp Lignite Deposit, Northeastern Montana, Great Northern Railway Co. (now Burlington Northern, Inc.) Report No. 26, also
published 1975, Energy Resources of Montana, Montana Geological Society, 22nd Annual Publication; Lignite Drilling Program Williston
Basin, North Dakota and Montana, Great Northern Railway Co. Report No. 1.
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Table 21--Semiquantitative analyses of lignite ash (percent)

Medicine Lake Reserve
Fort Kipp deposit deposit deposit
No. 1 bed, No. | bed,
Element or Fort Peck Fort Kipp Timber Coulee Coal Mine
Compound bed bed bed bed
U308 0.003 nil o nil nit
Aluminum 1/ 16 19 13 19
Silicon 1/ 8 8 12 8
Magnes ium 11 12 Tl i0
Calcium 16 12 8 13
lron 8 4 6 7
Chromium .003 .002 .002 .002
Titanium .09 o1 .1 .
Copper .0002-0.002 .0002-0.002 .0002-0.002 .0002-0.002
Manganese .3 o1 .2 .1
Nickel .0007- .007 .0007- .007 .0007- .007 .0007- .007
Vanadium trace trace trace trace
Sodium .8 b b ]

Continued



Table 21.--Semiquantitative analyses of lignite

ash (percent)--Continued

Medicine Lake Reserve
Fort Kipp deposit deposit deposit
No. 1 bed, No. 1 bed,
Element or Fort Peck Fort Kipp Timber Coulee Coal Mine
Compound bed bed bed bed
Boron 0.3 0.5 0.2 0.3
Potassium 2/ .2 -1.0 2/ 20 =1
Zirconium trace trace trace trace
Barium trace trace trace trace
Strontium trace trace trace trace
Germanium . 004 . 004 .004 .004

1/ Aluminum contents are abnormally high with respect to silicon contents. These may have been
reversed in the original tabulation.

2/ Not detected.

Source: Lignite Drilling Program Williston Basin, North Dakota and Montana, Report No. 1, 1953-1955,
Great Northern Railway Co. (now Burlington Northern, Inc.), Mineral Resources and Development

Dept.
' Return to text
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Table 23--Bentonite test data, Fort Peck indian Reservation. 1/

Viscosity in

Swelling centipoises for Viscosity for slturries containing
capacity in slurry with various clay percentages
milliliters of Grit, percent Yield, 6 percent Clay, Viscosity, Clay, Viscoslity,
Sample 2,0-gram sample +325 mesh bbl per ton clay by weight percent centipoises percent centipoises
FP-65-18 6.5 12.0 25.4 1.5 15.0 4.2 22.0 20.0
FP-65-20 21.5 2.0 51.3 2.7 10.0 9.7 11.0 17.7

Wall building properties - for slurries containing 6 percent clay by weight

Filtrate in milliliters for indicated time in minutes Thickness of cake Clay mineral,
Sample 2 15 30 in 1/32 inch identified by D.T.A.
FP-65-18 22.6 58.0 78.0 0.4 i Montmorillonite
FP-65-20 3.0 8.6 1.1 0.2 do

1/ Analyzed by the Nonmetallics Laboratory, Bureau of Mines, Albany, Oreg.

Source: Mineral Resources and Their Potential on Indian Lands, 1970, U.S. BuMines Prelim. Report 179.
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Table 24, Location of samples listed in table 25

(From Sahinen, Smith, and Lawson, 1960)

[Sample] Field
No. | No. Location Sec.] Twp. Rge.

186 6-31 | Bearpaw fm., 23 mi. N. Glasgow, Valley Co. 19 32N 4DE
187 6-32 | FPt. Union fm., ridge 2% mi. N. Richland, Damiels| 23 36N 43E
188 6-33 |' Ft. Union fm., 12 wmi. W. Four Buttes, Daniels 5 35N 45K
189 6-34 | Pt. Union fm., 3.1 mi. E. Flaxville, Danilels 12 35N S50E
190 6-35 | Ft. Union fm., 4.4 mi. E. Redstone, Sheridan 12 35N S2E
191 6-36 | FPt. Union fm., 4.4 mi. E. Redstone, Sheridan 11 35N 52E
192 6-37 | Pt. Union fm., 0.7 mi. N. Archer, Sheridan Co. 9 35N 53E
193 6-38 | Ft. Union fm., 0.7 mi. N. Archer, Sheridan Co. 9 35N 53E
194 6-39 | Ft. Union fm., 1 mi.N.St Hwy.5, 3 mi W Plentywood |17 35N S4E
195 6-40 | Pt. Union fm., 2.7 mi. W. Plentywood, Sheridan 14 35N S54E
196 6-41 | Ft. Union fm., 2.7 mi. W. Plentywood, Sheridan |14 35N 54K
197 6-42 | Ft. Union fm., 2.7 mi. W. Plentywood, Sheridan 14 35N S4E
198 6-43 | Ft. Union fm., 2.7 mi. W. Plentywood, Sheridan 14 35N 54E
199 6-44 | Ft. Union fm., 2.7 mi. W. Plentywood, Sheridan |14 35N S4E
200 6-45 | Pt. Union fm., 3.9 mi. N. Culbertson, Roosevelt 6 28N 56E
© 201 6-46 | Pt. Union fm., 3.4 mi. S. Culbertson, Roosevelt 34 28N 56E
202 6-47 | Pt. Union fm., 3.4 mi. S. Culbertson, Roosevelt 34 28N 56E
203 6-48 | Bearpaw fm. at Oswego, Valley County 27 27N 45E
204 6-49 | Bearpaw fm. at Nashua, Valley County 31 28N 42F
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Table 25.--Ceramic properties of clay and shale in and near

the Fort Peck Indian Reservation

(From Sahinen, Smith, and Lawson, 1960)
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186 | L 34 Fired| bridks were|cracked - - thfsuitéble»
187 {128 | 6.4 | 1| 1,750 | 1,600 | 0.6ex|tan | 85 | Common brick,
H 58 to | 1,750 | 0.0 | tan | S | some alkali
1,950 | 1,950 | 0.3 |1t. red | BS | scum = -~ -
188 | 129 | 7.1 | 1] 1,750 1,600 | 0.67ex| tan | SS | Coumor brick
H 49 to 1,750 . jtam  I's v
1,950 | 1,950 | . fred | HS
189 | L 20 5.4 1,950 | 1,950 | 0.0 |buff |'S | Common brick, -
H 38 7 to | 2,150 | 1.8 |buff | HS | face brick;etc
2,400 2,300 2.7 buff - HS good ceramic - .
clay C
190 | L 20 5.2 111,950 | 1,650 0.3ex | tan SS | Common brick w/
H 36 " to 1,850 6.3 1t. red | SS | careful handl-
2,000 2,050 0.60 1t. red | SS ing & firing
191 | L3 | 7.4 [9%| 2,000 1,800 { 0.0 | tan SS | Common brick,
H 54 to 2,000 4.3 dk. red | S w/ careful
2,100 2,200 - green HS | firing
192 | L 24 6.9 4 | 2,000 1,650 0.0 tan SS | Common brick,
H 44 to 1,850 0.0 tan §S | with careful
2,075 2,050 0.6 red § | firing
193 | L 28 6.5 2 1,900 1,600 0.3ex | tan SSs Common brick
H 43 to 1,750 0.0 1t. red | SS
2,000 | 1,950 | 1.2 |1lt. red | s |
194 { L 25 6.3 5% 2,000 1,650 0.9ex | It. red | SS | Good ceramic
H 36 to 1,850 0.0 1t. red | SS | clay, common
0

2,100 2,050

.3 buff S brick, pottery
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Figure 1. Index map of Montana showing location of Fort Peck Indian Reservation.
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Figure 2. Index map of Fort Peck Indian Reservation, Northeastern Montana.
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Figure 3. Map showing location of

Williston Basin, major structural features, and Fort Peck Indian Reservation.

Structure contours drawn at 500 foot intervals on base of Mississippian rocks (after Sandberg, 1962).
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Figure 4. Geologic map of the Fort Peck Indian Reservation. Qa, Alluvium; Tf, Flaxville gravel; Tfu, Fort Union Formation;
Khc, Hell Creek Formation; Kfh, Fox Hills Sandstone; and Kb, Bearpaw Shale. Area of thick glacial deposits
shown by stippled pattern (from Ross, Andrews, and Witking, 1955).
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Figure 17. Isopach map of strata overlying the Fort Peck lignite bed, Fort Kipp lignite deposit, Fort Peck
Indian Reservation (modified from Burlington Northern, Inc., 1975).
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Figure 18. Isopach map of strata overlying the Fort Kipp lignite bed, Fort Kipp lignite deposit, Fort Peck
Indian Reservation (modified from Burlington Northern, Inc., 1975).
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and Deutman, 1969 and unpublished Great Northern Railway Co. report).
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Figure 21. Map showing underground workings of Alton lignite mine, Fort Peck Indian Reservation (from Henkes and Magill, 1970).
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Figure 22. Map showing underground workings of Simon-Gilligan lignite mines,
Fort Peck Indian Reservation (from Henkes and Magill, 1970).
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Figure 23. Isopach map of Mississippian salt bed, Fort Peck Indian Reservation and vicinity (from
Henkes and Magill, 1970; Great Northern Railway Co., 1959).
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Isopach map of Devonian salt bed, Fort Peck Indian Reservation and vicinity (from Great Northern Railway Co., 1965).
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Figure 25. Map showing drill hole data in Devonian potash beds, Fort Peck Indian Reservation and vicinity
(modified from Great Northern Railway Co., 1965).
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Figure 26. Map showing pond deposits on Fort Peck Indian Reservation (Colton, 1955, 1962, 1963a-j, 1964a;
Witkind, 1959; and Jensen and Varnes, 1964).
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Figure 27. Map showing repdrted sand and gravel pits and the source in the Fort Peck Indian Reservation. Qa, alluvium
Qd, dune; Qac, fan alluvium and colluvium; Qo, outwash; Qgt, younger till; Qt, till; W, Wiota gravel;
P, Plentywood gravel; F, Flaxville; ? whee uncertain. (Colton, 1955, 1962, 1963a-j, 1964a; Witkind, 1959;

and Jensen and Varnes, 1964).
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